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Art. XX VIL.—On the Morphological Laws of the Configurations 
formed by Magnets floating vertically and subjected to the attrac- 
tion of a superposed magnel ; with notes on some of the phenom- 
ena in molecular structure which these experiments may serve 
to explain and illustrate ; by ALFRED M. MAYER. 


In the April and June numbers of this Journal (pages 276 
and 477 of vol. xv), I published short notes on my experiments 
with magnets floating vertically and subjected to the attraction 
of a superposed magnet. The object of this paper is to present 
accurate diagrams of the configurations formed by the Acating 
magnets and to give the laws ruling these configurations, with 
some notices of the peculiarities of these forms. At the same 
time I will show how neatly these experiments illustrate several 
phenomena in the molecular structure of matter. 

The Diagrams.* — These diagrams show the configurations 
formed by numbers of magnets extending from two to twenty. 
They were obtained as follows: the number of needles forming 
a configuration were floated in a bowl filled to its brim with 
water. The eye ends of the needles, which protruded a short 
distance beyond the tops of the corks, were of S. polarity. 
A cylindrical magnet, 38°" long and 15™™ in diameter, was 
clamped in a vertical position, with its N. end at the constant 
distance of 60 millimeters above the tip of the needle which 
floated in the line of the axis of the magnet. I tipped the 
ends of the needles with printer’s ink, and when the config- 
uration had formed and was stationary, I brought down upon 
the needles a piece of flat card-board, and thus obtained prints 

* I am indebted to the courtesy of Mr. A. E. Beach, of the Scientific American, 
for the use of the engravings of the diagrams which illustrate this article. 
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from nature. Around each of the dots on the card-board I 
drew a black disk. The centers of these disks I joined by 
lines, in order to bring before the eye the contours of the con- 
figurations. After the diagrams of the configurations had been 
obtained in this way they were placed at a fixed distance from 
the camera, and photo-engravings were thus made of about one 
half the sizes of the original prints. 

The Morphological Laws of the Configurations.—The configura- 
tions made by the floating magnets form well marked groups 
or classes, which may be designated in order as primary, secon- 
dary, tertiary, quaternary, etc. The stable configurations of 
one class form the nuclei to the succeeding ones. 

Looking at the diagrams the reader will see that figures 2 to 8a 
inclusive form the primaries. Figure 8b begins the secondaries, 
for it is the hexagon with 2 for nucleus. Configurations 8d, 8c, 
9, 10b, 10a, 11, 12, 18, 14, 15, 16, 17, 18a, 18d and 19a are secon- 
daries, having respectively for nuclei the primaries 2, 2, 2, 2, 
8, 8, 4, 4, 5a, 6a, 7, 7, 7, 8a, 8a. The configuration 10d is not 
found in the diagrams; it is the same as the 10 which forms the 
nucleus of 20, only the two central lateral needles are further 
removed outward from the vertical axis of the fig. 10. 

The group of 19d begins the ¢ertiaries. Of these I do not 
give diagrams, but indicate their structure by giving the 
numbers of the secondaries forming their nuclei and then give 
the numbers of needles grouped around these nuclei. Thus, 
the structure of the configuration formed of 47 needles is 
indicated by 47=(18+14)+15; which means that 47 needles 
form a configuration which has 18 for its inner nucleus, sur- 
rounded by 14 needles, and these in turn surrounded by 15; 
and as 18+14 forms the tertiary which is the nucleus to this 
quaternary 47, we inclose 18 and 14 in parenthesis. 

I here give the configurations to 51 inclusive, which form 
begins the quinaries. 

The configurations of the same number of magnets are lettered 
a, 6, c, to indicate their degrees of stability ; a being always the 
most stable form. I have, however, lettered the configuration 
of 8 magnets in the order of their increasing areas in order to 
make them serve better for the purpose of illustrating the phe- 
nomena of isomerism. Really, 8¢ is more stable than 80. 


Tertiaries. 

195 = 9+10 25a = 12413 29b = 17+12 
20a= 9+11 256 = 13+12 30a = 17+13 

20b = 10+10 26a = 13+13 30d = 18+12 
2la = 10+11 266 = 14412 31 = 184+13 

216 = 11+10 27a = 14+13 32 = 184+14 

22 =11+11 276 = 15+12 33 = 18+15 

23 —=11+12 28a = 156+13 34a = (8a+12)+14 
24a = 12+12 286 = 16+12 

246 = 11+138 29a = 16413 
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Quaternaries. 
34b = (9+10)+15 40 = (13+13)+14 47 = (18+14)+15 
35a = (94+12)4+14 41 = (134+13)+15 48 = (18+15)+15 
35b = (10+12)+13 42 = (13+14)+15 49 = (18+15)+16 


36 = 43 =(15+14)+14 50 
37 =(104+13)+14 44 =(15+14)+15 
38 =(114+13)+14 45 = (16+14)+15 
39 =(11+13)+15 46 = (18+14)+14 
Quinaries. 
51b = (9+12+14)+16 

I do not say that the above list contains all the possible com- 
binations. The list is more for the purpose of establishing the 
laws which I have already formulated. 

In my first publication I gave two configurations for four 
needles; one having the needles at the corners of a square, and 
a stable form ; the other unstable and formed of a triangle con- 
taining a central needle. I have concluded that this form does 
not exist; at least, its existence is so transient that it has never 
remained long enough for me to take a print of it. 

I have stated that 19d begins the tertiaries. This is an 
unstable configuration, and is formed of 9 surrounded by 10 
magnets. The other 19, 19a, is stable, and is formed of 8a 
surrounded by 11 magnets. It is to be remarked that not 
alone the tertiaries but the configurations in the other classes 
begin with an unstable group of magnets. Thus, 8c begins 
the secondaries, 19) the tertiaries, 34b the quaternaries, and 
51d the quinaries. 

The reader has seen that a given number of magnets may 
form two or more different configurations. Thus, five magnets 
form two, 5b a square with a magnet at its center, and 5a a pen- 
tagon. Six magnets give 6a and 62. With eight magnets we 
obtain three configurations, 8a, 8), and 8c. Now the different 
configurations formed of the same number of magnets always 
exhibit different degrees of stability. Vibration of the less 
stable forms (produced by alternately lifting and lowering the 
superposed magnet) sends them into the stable forms. Thus, 5d 
on vibration rearranges itself into 5a; 6d into 6a; and 8e, or 8d, 
into 8a. With the configurations of higher classes (the tertiaries, 
quaternaries, etc.), even a knock on the table is sufficient to 
cause the needles of the unstable configuration to move to 
positions of stable equilibrium. 

On lookiug at the diagrams it will be observed that only the 
stable primaries form the nuclei of the secondaries, and, more- 
over, those primaries which are not dimorphous, like 2, 3, 4 
and 7, serve as nuclei to more than one secondary. Thus, 2 is 
the nucleus of 8a, 8b, 8c, 9 and 10b; 3 is the nucleus of 10a 
and 11; and 7 is the nucleus to 16, 17 and 18; while each of 
the other stable and dimorphous primaries, 5a, 6a and 8a, 


8+11+15)+16 
8+12+15)+16 
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— only once, as nucleus respectively to 14, 15 and 188. 
is same power of the most stable nuclei to resist outside stress 
is shown in the configurations of the tertiary and quaternary 
classes, where the secondary 11 appears as nucleus to 21, 22, 
28 and 24. The secondary 18a persists in even a more marked 
manner as a nucleus. This 18a has the contour of that ver 
stable 7 (the only configuration possible with 7 magnets), whic 
forms its nucleus. Among the tertiaries 18a is the nucleus of 
306, 31, 32 and 33, while in the quaternaries it forms the inner 
nucleus of 46, 47, 48 and 49. The fact of the persistence of 
these stable forms as nuclei may be suggestive to chemists and 
crystallographers. 

It is here to be remarked that (as a general rule holding good 
in all the classes) of two configurations made up of the same 
number of magnets, that configuration is the more stable which 
has the least number of needles for its nucleus. 

Illustrations of Molecular Structure. (1.) Unstable Molecular 
Equilibrium.—That the molecules in a body may be in a state 
of unstable equilibrium, so delicately balanced that a slight 
extraneous action of pressure, of heat, light, ete., may cause a 
new molecular arrangement in the body, is shown in many 
facts. A few of the more familiar ones will answer for our 
purpose. Thus, quiet water, which remains liquid at a tem- 
perature of 10° C., or more, below 0° C., changes suddenly into 
ice when agitated ; and during this solidification its temperature 
rises. In like manner a supersaturated solution of disodium 
sulphate solidifies when a crystal of this substance is dropped 
into it. Another instance of a sudden change from an unstable 
to a stable molecular condition is shown when the yellow crys- 
tals of mercuric iodide change, on the touch of a glass rod, toa 
scarlet color with a perceptible motion of their particles. These 
and similar phenomena are illustrated by the change of unstable 
to stable configurations caused by vibration, shock, and varying 
conditions of stress. Thus, 5d changes into 5a; 6d into 6a; 
and 8c and 8b into 8a. 

(2.) Illustrations of the Expansion on Solidification, as shown 
by water, bismuth, antimony, cast-iron, etc., are readily given 
by the floating magnets. One volume of water at 0° C. expands 
on freezing into about one and one-tenth volume of ice. It 
happens that the area of 5d is greater than the area of 5a by 
about one-tenth ; so that the increase in area which takes place 
when the pentagon of 5a is changed into the square 5d may 
represent the increase in the volume of water when it changes 
into ice. 

It will be observed, on an examination of the diagrams, that 
of two configurations, formed of the same number of needles, 
that configuration which has the larger area has a magnet in its 
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center. Thus, 50 exceeds in area 5a, and 6a is of greater area 
than 6b. To see the effect of a repulsive center on a configura- 
tion, compare the areas of the two squares 4 and 58, and of the 
two pentagons 5a and 6a. The most marked effect of a repul- 
sive central magnet is seen on comparing 14 with 15. The 
outside contour of each is formed of 9 magnets. The nucleus 
of 14 is the peculiar flattened pentagon, which is expanded into 
symmetry on the addition of another magnet, while at the same 
time the outside contour of 15 conforms to the regular pen- 
tagonal nucleus. These phenomena are so suggestive that I 
make bold to put the question: may it not be that there is an 
actual centralization of atoms in the molecule when a body 
expands in solidifying, and in the case where of two or more 
isomeric bodies one has always the minimum density? I offer 
this as a suggestion which may be worthy of the consideration 
of crystallographers. 

(3.) Illustrations of Allotropy and Isomerism.—The most inter- 
esting of our experiments with the floating magnets are those 
illustrating the phenomena of allotropy and isomerism. It is 
well known that an elementary substance may exist under very 
different forms. By the action of heat, electricity, etc., an ele- 
ment may have its physical and chemical properties so changed 
that no one would suppose that the different bodies thus made 
out of one and the same element were really all of the same 
substance; yet the body remains elementary under the different 
appearances, for it is impossible by any means of subtraction 
to get anything but the elementary substance from it. Phos- 
phorus, sulphur and carbon give instances of allotropy. Thus 
graphite and the diamond are both carbon, yet how different 
are they. One is soft, opaque, black, and with a metallic luster ; 
the other is the hardest of bodies, transparent, and resplendent 
by its refractive action on light. Graphite is a good conductor 
of electricity ; crystallizes in small six-sided tables which belong 
either to the hexagonal or monoclinic system, and have a spe- 
cific gravity of 22; while the diamond is a bad conductor of 
electricity, crystallizes in the monometric system, and has a 
specific gravity of 3:5. Whenever an element or a compound 
takes two different crystal forms, these different crystals always 
differ in their density. 

These differences of form and density shown in allotropy and 
isomerism are well illustrated in the configurations which are 
formed of the same number of magnets. Take figures 5a and 
5b. The first is a pentagon. The second is a square with a 
magnet in its center. The forces in these floating magnets and 
in the superposed magnet remain the same in all the configura- 
tions, and these have all been printed from needles floated in 
water whose surface was at a constant perpendicular distance 
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from the pole of the superposed magnet. Thus we see how 
the same atoms endowed with forces of the same strength, may 
take different relative positions, and thus produce very different 
crystal-forms in the same matter. We may take 6a for an 
illustration of the atomic arrangement in the diamond, while 
5b may stand for graphite. But there is always a change of 
density accompanying the different forms in allotropy, and this 
fact is also illustrated by configurations 5a and 5d. In bodies 
formed of the same kind of elementary atoms, as in allotropy, 
it is evident that their relative densities will be directly as the 
number of atoms contained in the unit of volume. As our con- 
figurations illustrating allotropy contain the same number of 
magnets, it follows that the relative densities of these configura- 
tions are inversely as their areas. Now the area of 5a (measured 
on the original prints) is 818 square millimeters, and the area of 
5b is 992 square millimeters, hence the density of 5a is to the 
density of 5b as 992 is to 818. Thus we see how the arrange- 
ment of magnets in 5a may stand for the molecular structure 
in the diamond while 5b may stand for that in graphite. 

Numerous instances exist in chemistry of the same elements 
combined in the same porportions, yet producing bodies crys- 
tallizing in different forms, and having different densities, color, 
transparency, hardness, etc. As examples of this phenomenon 
of isomerism we may cite calcium carbonate, which crystallizes 
in two forms differing in density, viz: as cale spar of a specific 
gravity of 2°72, and as aragonite of a specific gravity of 2°93. 
Configuration 6a may stand for the molecular structure of calc 
spar, while 6b may stand for that of aragonite. The relative 
densities of these two configurations are as 208 to 247. 

A striking example of isomerism is given in titanic acid, 
which crystallizes in three distinct forms: as anatase, specific 
gravity 3°82; as brookite, specific gravity 4°02; and as rutile, 
specific gravity 4°25. These three isomers may be illustrated 
by 8c, 8b and 8a, which have respectively the densities of 382, 
364 and 360. 

It will, of course, be understood that the above paralellisms 
are given merely as ¢lustrations of how our experiments may 
serve to explain and illustrate the phenomena on the assump- 
tion of the atomic hypothesis and on the supposition that the 
actions which, in the experiments, take place in a plane, may 
similarly take i among repelling and attracting points sit- 
uate in space of three dimensions. 

Other br sed of the Hxperimenis.—Iustead of floating the mag- 


nets they may be suspended by fine silk fibers. In this method 
of experimenting the attractive action of the superposed magnet 
is replaced by the action of gravity, which draws the mutually 
repellant needles toward the vertical. 
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An advantage of this form of the experiment is that the con- 
figuration can be transported, and may thus serve in illustration 
of a moviug molecule as is set forth in the kinetic theory of 
gases. It is interesting to watch the mutual actions of two or 
more approaching configurations, and to observe the motions 
in the exterior and in the contour of a suspended configuration 
on its impact against a resisting or a yielding surface. 

Professor O. N. Rood suggested to me to replace the sus- 
pended magnets by gilded pith balls, hung by silk fibers and 
similarly electrified. 

Professor Frederick Guthrie, of London, under date of May 
21, writes: “If the corks are made somewhat wider than in 
your larger needles, the needles move and arrange themselves 
very quickly if they are turned over and floated on perfectly 
pure and freshly filtered mercury. Those which reach the 
edge incline with their corks in the capillary trough.” 


1. 


B 


A 


Method of projecting the magnified images of the experiments on 
a screen.—T'o exhibit these experiments before a large audience 
it is best to use short magnets made as follows: Magnetize 
rather large sewing needles with their points all of the same 
polarity, then take each needle between the flat jaws of a pair 
pliers and with a pair of cutting-pliers snap off the needle 
close to the jaws of the other pliers. Thus form a series of 
magnets about # inch in length. Run each of these through a 
thin section of a small cork and then coat both needle and cork 
with shellac varnish. Float these magnets in a glass tank 
placed over the condensing lens of a vertical-lantern, or you 
may even float them directly on the condenser itself if this is 
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made of an inverted glass shade filled with water. This form of 
condenser was first used by Dr. R. M. Ferguson, of Edinburgh. 

Fig. 1 shows the arrangement of the experiment. The rays 
of light, R, from a heliostat, or from an oxyhydrogen light, fall 
on an inclined mirror, A, placed under the water condenser C, 
The needles float on the surface of the water in this condenser. 
The rays which have passed through the lens, L, are reflected 
by the swinging mirror, B, to the distant screen, where they 
form the images of the floating magnets. The magnet is held 
over the needles at M, by means of a wire which is wrapped 
round the magnet to serve asa handle. Ifa long magnet be 
used it will work well if its pole is brought over the needles* 
by inclining it. 

These experiments with floating magnets give forcible pre- 
sentations of the reign of law. It is indeed quite impressive 
to seé order being evolved out of chaos as we hold a magnet 
over a number of needles, carelessly thrown on water, and wit- 
ness them approaching and, one after the other, entering into 
the structure of that geometric figure which conforms to the 
number of magnets composing it. 


Art. XXVIIL.— On the presence of Dark Lines in the Solar 
Spectrum, which correspond closely to the lines of the Spectrum 


of Oxygen; by JOHN CHRISTOPHER Draper, M.D., LL.D., 
Professor of Natural History in the College of the City of 
New York. 


THE measurement of the wave lengths of the dark lines of 
the solar spectrum obtained by photographs, and the construc- 
tion of a chart of the same, has for many years occupied m 
leisure time. As a result of the investigations connected with 
this work, I have arrived at the belief that oxygen as well as 
other non-metallic gaseous elements are represented in the 
solar spectrum by dark lines, in the same manner as metallic 
substances. The lines in the case of oxygen are however very 
faint, when compared with those produced by metals in the 
vaporous state. 

he apparatus employed in these investigations e be 
briefly described as follows: 1st, a spectroscope for photo 
graphing the normal solar spectrum. As my purpose was to 
obtain photographs in which the positions of the lines should 
be as true as possible, I resorted entirely to the process by 
reflection, and at no time did the solar rays pass through glass ; 


* The magnetic needles in the experiments may be replaced by pieces of soft 
iron wire, which will be magnetized by the induction of the superposed magnet. 
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all error that might arise during refraction was thus avoided. 
The mirrors of the heliostat were of flat glass silvered, the 
silver surface being polished served as the reflector. The sur- 
face of the concave mirror employed to bring the image of the 
slit to a focus, was also silvered and polished. Gratings of 
4800 and 9600 lines to the English inch, ruled on glass by a 
machine constructed by myself and my assistant Mr. Sickels, 
and also an admirable one of 17,280 lines to the inch, for 
which I am indebted to Mr. Rutherfurd, were used. These 
were silvered with a thin coating, and the unpolished silver 
surface employed to give spectra by reflection. With the 
4800 line gratings the photographs were in the Ist and 3d 
orders; with those of 9600 lines in the 8d order, and with 
17,280 in the 1st and 2d orders. The accuracy of the gratings 
was tested with satisfactory results by taking photographs in 

uivalent orders of spectra on each side of the normal. The 
amin for the determination of the wave lengths of the 
solar spectrum were in sections of eighty to one hundred and 
fifty wave lengths. The gratings were adjusted to the line of 
no deviation for the center of each section of the spectrum, as 
it was photographed. 

The wave lengths of the lines of the spectrum were carefully 
measured on the original photographs, by projecting them 
upon a scale of wave lengths, each wave length being five 
millimeters in extent. The scale was drawn upon slips of 
paper, which had been glued to strips of well-seasoned pine 
wood cut with the grain. The lantern used for projection was 
that described in this Journal for April, 1878. The distance 
of the lantern from the scale, and the consequent magnifying 
power, was so adjusted as to make the leading lines of the 
photograph coincide with the same lines of Angstrom, drawn in 
their proper position below the scale as is shown in the diagram 
given later on. Thus the positions of the lines in each section 
of one hundred or more wave lengths were all made visible 
at once, and the errors in Angstrém’s chart corrected. From 
4045 to O in the ultra-violet the leading lines of Cornu were 
employed. Among the advantages presented by this method 
of studying and measuring the lines of the spectrum we may 
mention the opportunity offered for several persons to inspect 
at the same time the details of the séction under examination, 
and submit them to intelligent discussion. To this we may 
add the facilities offered for comparing many photographs 
with each other by marking below the scale the peculiarities 
of one, and then projecting the others in order upon the marks 
made. In this way the effects of duration of exposure and 
manner of development of the image, together with the varia- 
tion in the size of the slit and focal distance may be investi- 
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gated, and their action on the details of the picture determined. 
Pictures may even be placed face to face, one a little above 
the other, and examined in that position by projection. From 
the measures thus obtained a chart of the spectrum was con- 
structed, which extended from E in the green to P in the 
ultra-violet. The values assigned to the wave lengths in this 
chart are those of Angstrém, and it is my purpose to present 
the positions and characters of certain of these lines in this 
communication. 

The great increase in the number of lines in the chart made 
from photographs by Mr. Rutherfurd’s grating, compared with 
that of Angstrém led me to collect all the measurements of 
spectrum lines of elements that I could find, for the purpose of 
determining the character of the newly measured lines. On 
comparing the lines of the spectra of oxygen, nitrogen and air, 
as given in Watt's index of spectra, from the researches of 
Thalén, Huggins and Pliicker, I was struck with the number 
of approximate coincidences between the wave lengths of oxy- 
gen lines and those of dark lines in my map. Attempting to 
make a close comparison of the oxygen with the solar lines I 
was confronted by the following difficulties, viz: The measure- 
ments of Thalén, Huggins and Pliicker were given in wave 
lengths only; fractions being omitted altogether. Error 
amounting to half a wave length could therefore exist in the 
position of a line, according as it fell on one side or the other 
of a figure on the scale expressing a wave length. In the 
values given to the air lines by Angstrém in his chart, this 
difficulty did not exist; I therefore attempted the use of Ang- 
strém’s values, employing the work of Huggins and Pliicker, 
to separate as far as possible the oxygen from the nitrogen 
lines. This operation was, however, quickly discarded ; because 
of the great differences existing between these authorities re- 
garding the wave lengths of a number of oxygen and air lines. 
To obviate this trouble, I made photographic measurements of 
the lines of the electric spectrum of oxygen by the method 
detailed below. 

The apparatus employed consisted of a spectroscope with 
two flint glass prisms of 60°, adjusted to the minimum devia- 
tion of D’. Collimator and telescope objectives, achromatics of 
ten inches focus. This was used to make photographs of the 
spectra given by the condensed electric spark in oxygen, in air 
and in nitrogen. When so employed the eye-piece of the 
telescope was removed, and a camera placed in its stead. The 
slit was sometimes made as narrow as was possible. The 
induction coil was one of Ritchie’s, giving a ten-inch spark, and 
having a hammer current-breaker driven by clock work. ‘The 
battery was three two-gallon bichromate cells, the elements 
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were large, but just touched the fluid when the battery was in 
operation. The large mass of fluid in proportion to the im- 
mersed area of the elements served to supply a very uniform 
primary current. The condenser on the secondary current 
consisted of ten glass plates, each having a tin foil coating of 
thirty-six square inches. One or more of these plates could 
be thrown into the circuit as occasion required. By this 
arrangement a number of photographs of the electric spark 
between platinum and iron points, in atmospheres of oxygen, 
and of oxygen and nitrogen were made. The positions of the 
iron and oxygen lines in these were measured as in the solar 

hotographs, by projection under a suitable magnifying power. 

he center of each line was the portion from which measures 
were taken in all cases. The wave lengths of the oxygen lines 
were then determined by means of a curve, which from 43864 
to 44414°75 was based on the iron lines of the same spectrum. 
In all forty-seven iron lines in this extent of the spectrum, or 
about one to every eleven wave lengths were used. The 
values assigned to the iron lines were those obtained in my 
chart of the solar spectrum. By this method of measurement, 
errors arising from maladjustment of two spectra were avoided. 
From 44414°75 to 44705, the iron lines did not photograph, I 
was therefore obliged to construct this portion of the curve 
from the wave lengths of oxygen and air lines already given 
by various authorities; selecting those values in which they 
agreed. From 3864 to 4414-75 the results are therefore accu- 
rate. From 4414°75 to 4705, though they are approximate, the 
error if any exists, must be very small. The measurements to 
fractions of a wave length were obtained by constructing the 
curve on a scale of sufficient magnitude. 

In illustration of the great number of lines presented by my 
chart of the solar spectrum as compared with that of Angstrém, 
I give a small section extending from 4062 to 4030, within 
which the oxygen group 4069°80—4072°10—and 4075°50 falls. 
On the upper part of the diagram the symbols of the elements 
are placed, to which according to Angstrém, corresponding lines 
are found in the solar spectrum. On the first space below the 
line is the scale of wave lengths, each wave length being five 


Mn 
Fe Fe 


40|70 


millimeters in extent. In the second space the lines of Ang- 
strém’s chart are given. In the third space the lines measured 
on the photographs, the vertical portion of each symbol 
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giving the position, and the horizontal portion the width, 
and also the darkness on an arbitrary scale of one to ten. The 
darkest lines encroach most on the vertical portion of the sym- 
bol. The value 10 is expressed in the symbol of the Mn Fe 
line 4063, and the value 1 in that of the line 4068-05. 
Other features of the lines are shown by the manner in which 
the upper part of each of these symbols is drawn. Beneath 
the spectrum lines the scale is repeated, and the position of the 
oxygen lines indicated. In addition to the lines already men- 
tioned as being in Angstrém’s chart, lines of the followin 
elements appear in this space, viz: Fe 4063, Pb 4066, Sr 
4078, Bi 4080. ‘lhe correspondence between these values and 
the wave lengths of the lines in the photographic spectrum is 
as close as could be expected, seeing that the authorities do 
not give fractions of wave lengths. The Te line is represented 
in the spectrum by the Mn Fe line 4068. The Pb line by 
the spectrum line 4065°7._ The Sr line by the line 4077°9, and 
the Bi line by the line 4079°8. 

Inspection of the diagram also shows that while the Mn Fe 
4063 lines are coincident in both charts, the Fe line 4071 
of Angstrém reads 4071:25 in the photographic chart, and the 
unassigned line 407625 of Angstrém reads about 4076-20, in 
my chart the two lines being nearly coincident. In the photo- 
graphic chart the relations of the lines to each other as regards 
position are accurately presented, and where these differences 
occur the positions given in the photographic chart must be 
correct. The total number of lines in the two charts is also 
worthy of notice. In the eighteen wave lengths represented 
in the diagram, Angstrém gives six lines, while the photo- 
graphic chart gives twenty-four. Of Angstrém’s lines five are 
assigned to different metals, if we give the line 4066-25 to Pb, 
and one is unassigned. In the photographic chart these lines 
also appear, and in addition the lines of Bi and Sr, together 
with the three oxygen lines. Out of the twenty-four lines ten 
are assigned to various elements, leaving fourteen to be ac- 
counted for; and many of these are moderately strong lines. 
The oxygen lines represented in the diagram are among the 
strongest in the electric spectrum of oxygen, yet the equiva- 
lent lines in the solar spectrum are faint when compared with 
the lines of Ca and Fe. This would seem to indicate a low 
absorbing power in the gaseous non-metallic elements, as com- 
pared with the same power in the case of metals in the vapor- 
ous state. The existence of a difference like this would ex- 
plain why it is, that many of the lines in the solar spectrum 
which represent oxygen have been overlooked. Some of these 
lines have, however, been observed, Angstrém himself giving 
in his chart a number of lines, not assigned by him nor any 
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one else to other elements, which are very nearly coincident 
with the oxygen lines, as determined by the photographic 
method, as wall be seen in the table at the close of this article. 

As it is not possible, in the space to which we are limited, 
to give diagrams of all the portions of the solar spectrum which 
contain oxygen lines, we present in the following table the 
positions in that spectrum of all the oxygen lines that were 
obtained in the photographs of the electric spark in that gas. 
The first column contains the wave lengths of certain lines in 
the chart made from photographs of the solar spectrum. The 
second the wave lengths of the lines of the condensed electric 
spark in oxygen. The third Pliicker’s lines of oxygen, which 
are much more numerous than those of Huggins, which are 
presented in the fourth column, while the fifth column gives 
the lines of Angstrém’s air spectrum, which may be credited 
to oxygen. The term free in the first column is used to indi- 
cate the fact that no element has heretofore been found to 
give a line within two or three tenths of a wave length of that 

sition. It is therefore free to be assigned as an oxygen line. 

he chemical symbols on the other lines show that the element 
indicated has been assigned to that line, and shares it with 
oxygen. The number of lines of greater wave length than 
8961°60, which are free from other elements, and which are 
assignable to oxygen, is good evidence of its presence in the 
solar envelopes. 


DRAPER. PLUCKER. Huaeins. 


Lines of spark 
in oxygen. xygen. oxygen. att tbat ed 


3864°50? free. | 3864-75! 
3882°30° 3882-302 
3907-90? 3908-00! 
3912-258 3912-359 
3919°758 3919°50° 
3945-10! 3945°102 
3954°608 3954-707 
3961-60 396160? 
3973-403 3973-501 
3982-75! 3982°70° 
3995-508 3995-505 
4069-80? 4069°50 | 4069°00° | 4069-00° | 4069-50 
4072-108 4071-90 | 4072-003 | 4073-008 | 
4075-502 4075°50 
4084-704 4084805 | 4085-004 
4088-00! 4087°80* | 4086-00? 
4093-20! 4093104 | 4094-00? 
410440? 4104:50° | 4104-00? 4103-00 
4111-008 4111-104 
411800" Fe, | 411820" | 4111-00" | 4117-00 
4121-20 


DRAPER. 
rt 
0 c cha’ 
softer epectrum, 
with their condition. 
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DRAPER. DRAPER. PLUCKER. HUGGINS. Anestrom. 
Lines of 


Lines of spark 
Lines of 
photographic chart | eectric spark Uxygen, attributed to 
with their condition.| 42 oxygen. oxygen. 


4133°00° free. 4132°90° 4126:00° 
4142°907 Fe. 4142°908 4135°00° 
4145:30? free. 4145°50" 4147°00? 4149-00? 
4152°90' 4153°008 
415560! 4155°754 4158°004 4155°00 
4168°20'  §. 4168404 4171°00? 
4184°90' free. 4185°00° 4183-005 4184°50 
4189°90' 4190°00" 4190005 4:89°60 
4254:30! free. 4254508 
4274°804 CrCa. 
4278°10° Pb. 4278108 
4303-005 free. 4303-004 
4316°60?  * 4316°508 
4320°004 TiC. 4319-758 
4325°10" Fe. 4325208 4327°00? 
4328°10' Bi. 4328-204 
4331°00? free. 4331°204 
4336°344 SCr. 4336-00 4334:00? 
4345°15? free. 4345°209 4341°00° 4345°80 
4348-20? 4348°30" 4348-001 4347°00 4347°50 
4353-002 4353°108 
4365°00! BrCe. 4365°208 4364:00# 
4369°10! (rFeds. 4369-204 4369:004 
4394°50? free. 4394°504 
4413°20? 4413-20! 4414-008 4414:008 
4417°853 4418-00!° 4418°008 4416°008 
444500? 4445-00° 4443-004 
4450°00? 4450 008 4450-004 
4463-00? 4463-008 4457°004 
4467°30! 4467°20° 4468-000 44670010 
4483°80! 4483°758 4474-00! 
4572-103 4572-20! 
4577°75® Ce. 4577°55! 
4582°10? FeCe. 4582°10! 
4589°30! free. 4589°50'0 4590°80 
4595°408 4595-501 4593008 4596-008 4595-90 
Sb. 
4599°802 
4600°154 C.P.| 4600°00% 4600-00 
4629-60? free. 4629°604 4639-00! 
4640°503 4640°20'° 4640°00° 4640°25 
4648°154 Cr. 4648°15'° 4649-008 4648°008 
4661°504 free. 4661°508 4662:007 4662°007 
4674-90! CSe? 4675°008 4675°00' 4677-007 4674°75 
4698°65? free. 4698°50!0 4698-007 4699-00" 4698:00 
4704°65! Ba. 4705°001° 4705°00" 4706:007 4706°50 


The table presents what may be called the oxygen region of 
the spectrum, only a few oxygen lines lying outside of its lim- 
its. As this also happens to be the region in which our photo- 
graphic apparatus and chemicals were most sensitive, we are 
enabled to present measurements of the majority of the lines of 


| 
| 
| 
| 
| 
| 
| 
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oxygen. It will be noticed that though the oxygen lines of 

reater wave length than 4704°65 are wanting, on account of 
their lack of photographic power, this loss is partly made up 
by the extension of the measurements into the ultra-violet 
region, where as yet no exact measurements of oxygen lines 
have been made that I am aware of. 

That there should be no error regarding the nature of the 
chemical element producing the lines, every precaution was 
taken to have the oxygen as pure as possible. Photographs of 
the spark in oxygen, between points of the purest platinum that 
I could procure, were also made. These were compared with 
the measured photographs of the spark between an iron and a 
platinum terminal, and provision was thus made for the detec- 
tion of any error that might have arisen from impurity in the 
iron used in the terminal. As these photographs of the spark 
between platinum terminals in pure oxygen presented all the 
lines given in the tabie these lines may be regarded as true 
oxygen lines. In addition to the oxygen lines given, the fol- 
lowing feeble lines were observed, regarding the nature of which 
I was not quite satisfied, as they did not pass entirely across the 
spectrum, viz., 4490°30—4505:80—4525 5U—4548°75. In the 
space extending from 4254°30 to 4345:15, many of the oxygen 
lines are assigned to wave lengths occupied by other elements ; 
for example, Cr, Ca, Sb, Ti, C, Bi. As other lines of these ele- 
ments did not present themselves in the measured photographs, 
and as the lines in question were also found in the photographs 
of the spark between platinum terminals they are to be regarded 
as true oxygen lines, although they are not given by other 
authorities. In some of the instances in which elements in 
addition to oxygen are assigned to a weak line in the solar 
spectrum, it is very possible that such assignments are in error, 
because of a lack of fractions in the determinations of the wave 
lengths of these additional elements. Apparent discrepancies 
regarding wave lengths in my determinations, and those of the 
other authorities, are sometimes explained by the fact that a 
line which is recorded as single in one case, is given as two lines 
in the other. It is also worthy of remark that in almost every 
instance in which a line is presented by one authority and 
omitted by the others, it is to be found in the column containing 
the photographic determinations, and is an evidence of the supe- 
riority of this method of recording the existence and positions 
of spectrum lines throughout the region over which it can act. 

Examination of the table shows that the differences between 
the wave lengths obtained for the lines of the electric spectrum 
in oxygen, and the lines of the solar spectrum are very small. 
Out of the sixty-five lines of the solar spectrum which are as 
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we have seen assignable to oxygen, in seventeen the coinci- 
dences are absolute; in four the difference is only five one- 
hundredths of a wave length; in twenty-two, ten one-hundredths 
of a wave length; in four, fifteen one-hundredths of a wave 
length ; in eleven, twenty-one one-hundredths of a wave length, 
and in the remainder the greatest difference is only thirty-five one- 
hundredths of a wave length, or about that which Angstrém 
has made in different measurements of the same line in the 
solar spectrum. 

The small figure attached as a power to each wave length of 
the electric and solar spectra in the table, is a proximate ex- 
pression of the photographic strength of that particular line in 
each spectrum, and an examination of these upholds the state- 
ment made in a preceding paragraph that the oxygen lines 
of the solar spectrum are very weak when no other element 
furnishes 4 line which falls on the same wave length. Of course 
photographic must not be compared with visual intensities, for 
as the one diminishes in the less refrangible regions of the 
prismatic spectrum the other increases. An example of coinci- 
dence in the lines of different elements, and consequent incre- 
ment in strength, occurs in the line 4118, and probably in the 
line 4303 also, though it is supposed to be free. 

In conclusion, I give a list of certain lines in Angstrém’s 
chart which have not as yet been assigned to any element, 
together with the wave lengths of the same lines in my solar 
and electric spectra. From this table it will be seen that 
Angstrém himself observed a number of lines, the relations of 
which to elementary bodies no one has as yet demonstrated, 
and which I believe represent the oxygen in the solar envelopes. 


Table of free lines in Angstrém’s solar spectrum which may be 
attributed to oxygen. 


Draper’s electric Draper’s solar Angstrém’s solar 
spectrum of oxygen. spectrum. spectrum. 


4132-90° 4133°00° 4133°20° 
4155°754 4155-60! 4155°80? 
4254°508 4254°30! 4254°55° 
4303-004 4303°00° 4303-00? 
4316°508 4316°60? 431650? 
4348°30!° 4348°20? 4347-95! 
4394504 4394°503 4394°45° 
4595°50! 4595-408 459520? 
4648°1510 4648-154 4648°754 
4661°50* 4661°504 4661°70? 


The subjects presented in this communication may be briefly 


summed up as follows: 
1. The resort to the process of reflection in producing and 
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photographing solar spectra, and thereby avoiding certain errors, 
and the employment of the silvered surface itself of a glass 
grating. 

2. The extension of the measurement of oxygen lines into 
the ultra-violet region. 

8. The measurement in the region of jess refrangibility than 
H, of lines of oxygen not heretofore recorded, and the use of 
projection as a method of measurement. 

4. The establishment of a close relationship in position 
between certain lines in the solar spectrum and the lines of 
oxygen ; the slight differences that exist being assignable to the 
experimental difficulties in the way of making accurate meas- 
ures of the oxygen lines, and falling within the limits of error 
of experiment. 

5. The evolution of the fact that the lines of the solar spec- 
trum which appear to correspond to the lines of oxygen are 
weak, or faint, and show that that gas possesses a feeble absorb- 
ent power when compared with metallic vapors or gases like 
H, Fe, Ca. 

6. I'he demonstration that in Angstrém’s chart there are many 
lines not assignable to any elementary body, and that these 
lines occupy very closely the positions of certain oxygen lines. 

7. The suggestion that the proof of the presence in the solar 
envelopes of oxygen, and other substances giving faint lines, 
is a problem not to be solved by the comparison of two spectra 


of small dispersion. The solar spectrum in certain parts is so 
crowded with lines presenting all kinds of details, that the only 
satisfactory way is to make measures of the ‘positions of these 
lines on a large scale, and as truly as possible, and then com- 
pare with these the most accurate measures of oxygen lines that 
can be made. 


Art. XXITX.— Correction for Vacuum in Chemical Analysis ; 
by G. F. BEcKrR. 


TURNER, in his atomic weight determinations (1829) was, so 
far as my information goes, the first to correct the apparent 
weight of solid bodies in chemical analysis for the air displaced. 
Berzelius at first accepted this correction but afterward rejected 
it as insignificant. Erdmann and Marchand adopted the some- 
what illogical practice of reducing the body weighed to vacuum 
while neglecting the correction for the weights. Nor has the 
practice of living chemists in accurate investigations been less 
contradictory. Some of them have entirely ignored the buoy- 
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ancy of the atmosphere while others have laid the greatest 
stress upon it. 

Consistency among chemists in the treatment of this source 
of error is certainly desirable. The subject is a simple one and 
the cases in which the correction is of importance are so readily 
distinguished from those in which it is insignificant as to repay 
the small amount of thought necessary to discriminate them. 


If w = the apparent weight of a body; 

w,= the true weight; 

y = its specific gravity ; 

d@ = the specific gravity of the weights, and 

c¢ = the weight of one cubic centimeter of air; then 
we 


WE 
Ty 


If the necessary correction is x 
— 
and if the apparent weight is one gram, 
y @ 

If c and d are regarded as constants, this equation represents 
an hyperbola referred to axes parallel to its asymptotes. 

It will readily be seen that the form of the curve is indepen- 
dent of d, or the material of which the weights are made, this 
constant simply determining the position of the axis of y, for 

e=0 
i y=d 

The curve is plotted (figure, page 269,) for d = 21%, the 
specific gravity of platinum, and c = 0001225761, the weight 
of one cubic centimeter of dry air with the normal carbonic acid 
contents, at 45° of latitude, the normal pressure, and a temper- 
ature of 15°. The abscisse in the diagram represent the cor- 
rection for atmospheric displacement necessary per gram in 
tenths of milligrams. The ordinates represent the correspond- 
ing specific gravities. A glance shows that for high specific 
gravities the correction is small and changes but slowly, while 
for specific gravities but little in excess of 1, the correction 
is comparatively large and increases with great rapidity as the 
specific gravity sinks. This is expressed algebraically by the 
formula 

dy __y’ 

which indicates that the error decreases in proportion to the 
increase of the square of the specific gravity, or that the inter- 
vals through which the specific gravity may be regarded as 
constant decrease as the square of the specific gravity decreases. 
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Ordinates have been drawn to the curve at equal intervals 
corresponding, for reasons which will presently appear, to 
00000667 grams, or two-thirds of one-tenth of a milligram. 
The abscissa of each of these ordinates represents the mean 
correction necessary between certain limits of specific gravity. 
These limits are indicated by the points on the axis of y cut by 
lines parallel to the axis of 2 and passing the ends of the arcs 
the mean abscissa of which is cut by the ordinates. Thus a 
correction of two-thirds of one-tenth of a milligram per gram 
corresponds to all the specific gravities between 7°8 and 13°6. 
The maximum error in this correction will plainly be only one- 
thirtieth milligram. The figure might evidently be employed 
to form a table of corrections for vacuum for platinum weights ; 
but while the principle is more readily apprehended geometri- 
cally, calculation possesses the advantage in accuracy. An 
entirely similar figure might be drawn representing the correc- 
tion for weights of brass or any other substance. The curve 
would be identical, but the axis of y would cross the curve at 
y = d, for brass y = 8'5. 

The attempt is rarely made, as is well known, to push the 
accuracy of chemical analysis even in the most oP | investi- 


gations beyond one-hundredth of one per cent or one-tenth of 
a milligram per gram. If the error made in correcting the 
weighings for the displacement of air is kept within this limit, 
the requirements of the case will therefore be fully met. Sub- 


stances the specific gravity of which approximates within cer- 
tain limits to that of the metal of which the weights are made, 
consequently need no correction. As may be seen from the 
figure, if platinum weights are employed, no substance the 
specific gravity of which exceeds 78 requires correction, if 
one-tenth of a milligram be regarded as an insignificant error. 
For brass weights the error is less than one-tenth milligram for 
all known specific gravities above 5:02. 

Bodies are usually weighed with both platinum and brass, the 
integral gram weights being made of the latter metal and the 
fractions of the former; corrections must therefore commonly 
be made for each. As the absolute error in neglecting the cor- 
rection for small fractions of a gram is very slight, while it is 
as much trouble to ascertain the correction for a milligram as 
for ten grams, it is convenient to omit small quantities from 
calculation. Three errors in the correction for vacuum have, 
then, to be taken into account, viz., that incurred by want of 
absolute accuracy in correcting for the whole grams weighed 
with brass weights; a second similarly incurred in weighing 
parts of a gram with platinum weights, and the error caused by 
neglecting the correction for small fractions of a gram. The 
sum of these errors must not exceed one-tenth of a milligram, 
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a condition which will be fulfilled if none of the three is over 
one-thirtieth milligram. 

The following tables answer these conditions, for all specific 
gravities above 1, in the fewest possible numbers. 


Vacuum Correction. 


(Weights of brass) for Correction per gram. | (Weights of platinum) for 
specific gravity between Error <5 Mg. specific gravity between 


27°738 and 11°064 —0°000 067 gram. 
11°064 6°904 0°000 000 51766 and 13°568 
6°904 5°019 +0°000 067 13-568 
5°019 3°943 0°000 133 7807 
3°943 3°247 0°000 200 5°480 4°222 
3°247 2°759 0°000 267 4°222 3°433 
2°159 2°399 0°000 333 3°433 2°893 
2°399 2°122 0°000 400 2°893 2-500 
2°122 1:903 0°000 467 2°500 2°201 
1°724 0°000 533 2°201 
1°724 1576 0°000 600 1°965 1-176 
1-452 0°000 667 1776 1°619 
1-452 733 1°619 
1°254 0°000 800 1°488 L377 
1174 0°000 867 1:281 
1174 0°000 933 1:281 1°197 
1:103 0°001 000 1°197 1°124 
1041 0°985 0001 067 1-059 
0°001 133 1:002 
0°001 200 1:002 0°950 


The fraction which may be neglected without an error of 
more than one-thirtieth milligram will of course vary with the 
specific gravity and will in any case be 


x 
0°0000333° 


x being the correction. Uniform rules, however, are desirable 
in the application of such corrections as the one under discus- 
sion. Itis therefore sufficient to state, that for specific gravities 
above 1 no quantity less than twenty-five milligrams needs 
correction, while for specific gravities above 8 nothing less 
than one detigram requires to be corrected or, in other words, 
only the first decimal place. 

In discussing analyses recorded in the literature of chemistry 
it is, in a majority of cases, impossible to discover with certainty 
whether the gram weights were of platinum or brass; though 
the latter is the rule and an exception to it is apt to be stated. 
The difference between the corrections per gram for brass and 
platinum weights is 
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and should it be erroneously supposed that the gram weights 
used were of brass, the total error in the correction would lie 
between 

— 0°000012 and 

+ 0000187 with a mean value of 

+ 0-000087. 


Aluminium is sometimes employed for weights, but, so far 
as I know, only fur the smaller fractions of a gram. The use 
of aluminium for milligram weights would diminish the error 
arising from the neglect of the correction for small fractions. 

The influence of changes of 
temperature on the correction Correction of for, 
for vacuum is readily ascer- 
tained. If we call the variation , 
caused by temperature from 
the correction as calculated for 
15°, x,; then 


a C, (t0°00366) ) 


G being the weight of one 
cubic centimeter air at 0°, and 
t the variation of the tempera- 
ture from 15°. The value 2, 
will be at a maximum for spe- 
cific gravities above 1 when 
y=1landd=21'5. Accurate 
investigations are scarcely like- 
ly to be undertaken below 5° 
or above 25°. But for ¢= 10, 
2, is less than one-twentieth 
milligram per gram. 

A variation of an inch in 
the height of the barometer 
would affect the correction still 
less, and the effects of ordinary elevations and of latitude or the 
density of the atmosphere are evidently too minute to be taken 
into consideration in the present state of chemical apparatus. 

In conclusion, attention may be drawn to the fact, which 
— very plainly in the table, that for the purposes of the 
reduction of weighings to vacuum, no very accurate determin- 
ation of the specific gravity is necessary. 

Berkeley, California, May, 1878. 


270 J. Lawrence Smith on Daubréelite. 


ArT. XXX.—On the composition of the new Meteoric Mineral 
Daubréelite and its frequent, if not universal, occurrence in 
Meteoric Irons ; by J. LAWRENCE SmiTH, Louisville, Ky. 


WHEN I first announced the discovery of the mineral dau- 
bréelite,* the amount at my disposal was only sufficient for the 
determination of its specific characteristics. Since then I have 
made numerous sections of the first iron, which weighed about 
250 kilograms, and also sections of another iron of 200 kilograms 
from the same locality (Cohahuila), and in this last have found 
the nodules even more abundant than in the first. Of the 
second iron, I have a section with two polished surfaces of 
about 900 square centimeters each, which show twenty-five to 
thirty nodules, varying from three to sixteen millimeters in 
diameter, at least ten of which are from one to one and a half 
centimeters in diameter, and all of them exhibit to the eye 
daubréelite in angular segregations. 

The mineral used for my first analysis I obtained by break- 
ing it out from the nodules mixed with troilite and other 
impurities, depending on the eye to separate the impurities. 
Since then, [ have found that chlorhydric or fluohydric acid 
will attack the troilite readily and not act on the daubréelite, 
and thus a method has been adopted by which the mineral is 
obtained more abundantly and quite pure. The shavings and 
cuttings procured in making the sections were used (several 
kilograms of which were at my command); the fragments of 
iron were separated by a large magnet, and the small particles 
left behind consisted essentially of troilite and daubréelite; for 
the former is only feebly magnetic and the latter not at all so. 
Strong chlorhydric acid is next added to this last portion and 
gently warmed over a water bath; the troilite is readily at- 
tacked ; after a time the first acid is poured off, and a fresh 

ortion added, and the digestion continued over a water bath 
rom one to three hours; the residue contains a good deal of 
light black matter that is easily washed away (this last has not 
yet been thoroughly examined, but much of it is impalpable 
daubréelite) ; the larger black particles are again treated with a 
little chlorhydric acid, after which the daubréelite is left quite 
pure and is easily washed, and any foreign particles are readily 
picked out. 

In this form it consists, as already described, of shining black 
fragments more or less scaly in structure, not altogether unlike 
fine particles of molybdenite. The fracture is uneven, except 
in one direction where there appears to be a cleavage. It is 


* This Journal, III, xii, 109, August, 1876. 
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brittle and easily pulverized, the fine particles retaining their 
brilliancy. It is not magnetic. Before the blowpipe it under- 
goes but little alteration, losing its luster, but not fusing, and 
after heating in the reducing flame it is slightly magnetic. 
With borax it fuses slowly, the smaller particles giving an in- 
tense green color to the bead when cold. It is not acted upon 
in the slightest degree by chlorhydric acid, either cold or hot, 
but dissolves slowly and completely in nitric acid when heated 
over a water bath, without, however, any liberation of free 
sulphur. 

Its specific gravity is 5°01. It is needless to give the details 
of the method of analyses. I will only remark that when a 
mixture of hydrated oxides of chromium and iron are separated 
by the addition of bromine to an alkaline solution holding the 
oxides in suspension, the operation must be repeated two or 
three times to insure complete conversion of all the chromium 
oxide into chromic acid, and consequently to separate it totally 
from the iron. 

The following is an average of three analyses giving concor- 
dant results within one half per cent of each constituent: 


Sulphur 
Chromium 


A minute quantity, of what appeared to be carbonaceous 
matter, was mixed with the residual traces of oxides found in 
the mother-water. It is very evident from the above propor- 
tions that this mineral is a sulphide corresponding in atomic 
constitution to the well-known oxide, chromite (FeO+€rO*), 
daubréelite being FeS+€rS°, sulphur replacing the oxygen ; 
the calculated percentage is : 


Found. 
Sulphur 43°26 
Chromium 36°38 
20°36 


100°00 


Calculated. Found. 

Sesquisulphide of chromium... 69°55 68°00 

Sulphide of iron 29°75 
The calculation of the daubréelite is based upon the sulphur 
found in the analyses (43:26). As yet we do not know of any 
terrestrial mineral corresponding to this, and it is an interest- 
ing fact that we are already enabled to establish so clearly its 
true composition, and also to obtain good characteristic speci- 
mens that will find their way into the principal cabinets of 

meteorites. 


98°70 
100°00 
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The occurrence of this mineral in so marked a manner in the 
Butcher meteoric irons of Cohahuila, when it does not show 
itself in the troilite of other meteoric irons, induced me to in- 
vestigate this matter carefully, as I now had chemical methods 
to aid me. Thus far I have examined the troilite from only 
three meteoric irons, viz., those from Toluca, Mexico; Sevier, 
Tennessee ; and Cranbourne, Australia. In the first two speci- 
mens it was found in marked quantities, about 2°5 grams of 
troilite being employed, but in the case of the Cranbourne, 
where the quantity did not amount to one gram, the daubréelite 
was proportionally less than in the other two. The Toluca 
troilite furnished the largest quantity; the residue from 2800 
grams of it, after thorough treatment with chlorhydric acid, 
which dissolves nearly the whole of it, was dissolved in part by 
nitric acid, and on analysis the solution was found to contain 
chromium and iron representing about sixty milligrams of dau- 
bréelite; the mineral obtained from these troilites was of the 
pulverulent variety.* 

There is reason to believe that further research will show the 
constant presence of daubréelite in meteorites. I am now 
prosecuting a series of experiments on the mineral segregations 
in meteoric irons, both those visible and invisible to the naked 
eye and those only discernible by chemical means, the results 
of which will tend to a satisfactory solution of this hypothesis. 


ArT. XXXI.—On the Ariificial Mounds of Northeastern Iowa, 
and the evidence of the employment of a Unit of Measurement in 
their erection ; by W. J. McGEE. 


WITH very rare exceptions, the artificial mounds of north- 
eastern Iowa and contiguous parts of Wisconsin and Minnesota 
may be divided into four classes, viz: (1) tumuli; (2) conical 
mounds, similar to the ¢wmuli in appearance, but smaller, and 
bearing no evidence of having been used for inhumation, 
usually found in rows or series, and in such cases sometimes 
connected by narrow ridges; (8) embankments; and (4) animal 
mounds. Isolated mounds are sometimes found, but they occur 
much more frequently in groups; and where the topography of 
the country is favorable, many groups may be connected, form- 
ing extensive systems. All four classes of mounds often appear 
in a group, and usually in a system. When exceptions occur, 
it is most frequently the tumuli: which are found to be absent. 
Rarely an embankment or a collection of mounds is so situated 


* The undissolved portion after the nitric acid treatment is principally graphite 
and schreibersite. 
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as to lead to the inference that it was designed—partially, at 
least—for defensive purposes. ‘True fortifications, like those 
of Ohio and Kentucky, have not, however, been discovered. 

Tumuli are never, so far as the experience of the writer 
extends, regularly and methodically arranged. A few burial 
mounds occupy prominent spurs and bluffs overlooking water- 
courses, or other natural elevations. Such mounds usually con- 
tain the remains of but one, or at most a few, bodies, and seem 
to have been used only in exceptional cases. The ordinar 
grave mounds occur in valleys or on plains, irregularly fowad, 
and each usually contains the remains of several bodies. Imple- 
ments, arms, etc., are not always found associated with the human 
remains in the tumuli. In an extensive collection of burial 
mounds opposite Clayton, Iowa, arrow-heads and spear-points 
are often found in such positions as to indicate that they were 
buried within the bodies. A cranium from the same locality 
has a horizontal indented fracture about two inches above and 
parallel with the supraciliary ridges, corresponding in shape to 
the edge of a stone axe. Here, as in other parts of the United 
States, one of the strata of the material forming the tumulus 
consists of a hard light-colored earth, so indurated as to almost 
if not quite prevent the percolation of water or the permeation 
of air. No earth of a like nature can be found in the vicinity 
of the mounds. Hence it must have been either transported a 
long distance, or artificially prepared ; and the occurrence of a 
like stratum in the mounds of widely separated localities in 
which there is the greatest diversity in the superficial geological 
formations (the stratum being in all cases of different material 
from any of the natural formations), would seem to indicate 
that the latter supposition may be correct. The preservation 
of organic remains within some of the mounds is due to the 
impermeable nature of this stratum. Where it is not found, 
all organic matter has been completely decomposed. 

The smaller conical mounds (which are, properly speaking, 
spherical segments) never exhibit a stratified structure, nor do 
they contain relics of any kind. In height they vary from 
one to three feet, and in diameter from fifteen to forty feet. 
They are rarely—perhaps never—isolated, usually occurring in 
straight or slightly sinuous lines. The object in erecting them 
is not obvious. Interest attaches to them only from the fact 
that they are undoubtedly separated by measured distances. 

The embankments are straight, about equal in width and 
height to the small conical mounds, and their length is ordina- 
rily from one hundred to three hundred feet, though they are 
sometimes much longer. Their dimensions, some of which are 
given below, are as constant, however, as the distances separat- 
ing the conical mounds. Except in the very rare instances in 
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which they may have been designed partly as fortifications, it 
does not readily appear that they subserved any practical use. 
This has led many archeologists to infer that they were con- 
nected with superstitious observances; but it has occurred to 
the writer—and the weight attaching to the view may be esti- 
mated from a comparison of the dimensions given below—that 
their purpose was to record the discovery of a linear unit, and, 
in the absence of a written language, to perpetuate a system of 
measurement, 


of ‘Mound. 
roup of 


In S. Seek WSK PAL 
@ Miles North East of Fartey Lowaé, 


187%. 


The animal mounds are quite similar to those of other local- 
ities, and are almost always associated with the last two classes 
of mounds. In the accompanying figure, three animal mounds 
and three embankments are represented in their proper relative 
sizes and positions. Though the variations in the arrangement 
of different groups are so general that this cannot be called a 
typical group, it may be taken, nevertheless, as representative 
of those commonly observed. The animal mounds are fair 
specimens of their class. All are so disposed around the head 
of a ravine as to admit of the idea that they may have been 
partially designed to protect an encampment or domicile. A 
mile to the westward, on the same natural elevation, is a single 
animal mound of large dimensions; and two miles to the east- 
ward, at the termination of the same ridge, are two embank- 
ments, each forty yards in length. 


=) 
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The last three classes of mounds are commonly found on 
ridges separating water-courses, though they sometimes occur 
on “benches” and “bottoms.” Few of the prominent ridges 
on either shore of the Mississippi from Dubuque to the Minne- 
sota line are free from them. Excavations from which the 
earth forming any of the mounds may have been taken, have 
never been found in this region, so far as known to the writer. 
Mounds sometimes appear on rocky spurs, whither it would 
seem their constituent materials must have been transported 
from considerable distances. 

Having had occasion to survey many groups and systems of 
mounds, recording all measurements for the purpose of plotting 
the works, the writer has been struck by the constancy of certain 
dimensions and the harmony observable in all, whatever the 
variation, indicating to a certainty the use of a unit of linear 
measurement in their erection—a peculiarity which seems to 
have been hitherto overlooked, so far as the mounds of the 
Northwest are concerned. The use of such a unit being cer- 
tain, it is possible, if not probable, that the consideration of the 
results of many measurements of mounds may enable us to 
determine the value of the unit. The most serious difficulty 
in the way of such a determination lies in the fact that it is 
almost impossible to ascertain the precise boundaries of the 
embankments or the exact centers of the conical mounds—and 
it is from these points that measurements must be made. 

In order to exhibit the harmony in the dimensions of the 
mounds, and to throw as much light as possible on the question 
of the value of the Mound-builders’ linear unit, a number of 
measurements are here given. Most of them being made only 
for the purpose of plotting the works, they are not strictly 
accurate—i. e., in inches and fractions of inches—though prob- 
ably as satisfactory as any measurements can be, owing to the 
impossibility just mentioned of making any measurements cor- 
respond precisely with those originally employed. Distances 
are given in yards, as it is found that fractions rarely occur 
when this unit is used. 

One of the most extensive systems of mounds in northeastern 
Iowa occupies the ridge or divide separating the Mississippi 
and Turkey Rivers. The width of the ridge nowhere mnaele 
a mile, and it is usually quite narrow. It rises from two hun- 
dred to three hundred feet above the level of the rivers, and 
terminates just above their junction in a perpendicular ledge 
of Galena limestone one hundred and fifty feet high, twenty to 
forty feet wide, and over a thousand feet long. The system of 
mounds extends for six miles in a northwesterly direction from 
this point, and consists of conical mounds, pent a: ences ani- 
mal mounds, and perhaps tumuli. Beginning at the end of the 
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system remote from the junction of the rivers, the distances 
separating the mounds and the lengths of the embankments, 
are as follows :— 


Mounds. Spaces. | Mounds. Spaces. 
Conical, . | Embankment, 85 yards, 
40 


Composite (four conical mounds 
connected), 35 yards, 
Conical, 
“ 


Composite (two conical mounds 
connected by emb.), 35 yds., 
Embankment, 40 yards, 
40 “ 


Embankment, 44 yards, 
Conical, 
“ 


A group extending along a spur :— 


Spaces. Mounds. 
Conical, 


Embankment, 37 yards, -.... break. | Embankment, 44 yards,...... 60 yds. 

40 “ 60 yds. 

Embankment, 100 yards,_.... break. ©. 

1S “ | Embankment, yards,...... Gresk 

OI 40 “ 15 yds. 

yds: ' yards,...... 380 “ 

Mounds. Spaces. 
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Again in main system :— 
Mounds. Spaces. Mounds. Spaces. 
. | Tail of animal (dog?) mound, 

whole length, 65 yards,.... break. 
“ Alligator” mound, 49 yards, 14 yds. 
Composite, three conical, con- 

nected by two embankments, 

each 37 yards 
Embankment, 33 yards 
Embankment, 33 yards, 33. 
Conical, 


Embankment, 50 yards. 


A group in the western part of Dubuque county, Iowa :—- 
Mounds. Mounds. 


In the group in the figure, the measurements, beginning at 
the west (right), are :— 


Mounds. 
Embankment, 40 yards, 
Animal (body and head) 32 yards, 
“ “ “ 30 “ 


Embankment, ro yards, 

On comparing the dimensions of the fifty mounds we find 
one of each of the following lengths, viz: 36, 38, 49, 55, 58, 60, 
63, 65, 75 and 825 yards (some of these, too, are of an anom- 
alous character). Of 80, 32, 85 and 100 yards respectively, 
there are two each; of 87 and 44 yards, three each; of 33, 35 
and 50 yards, five each; and of 40 yards in length, eleven 
mounds. In all there are twenty different dimensions. Com- 
paring the spaces separating the mounds, we find that there are 
of 5, 8, 10, 16, 26, 31, 32, 35, 36, 88, 45, 65, 73 and 154 yards 
respectively, one each; of 88, 44, 55 and 75 yards, two each; of 
14, 19 and 60 yards, three each; of 28 and 50 yards, four each ; 
of 80 and 40 yards, five each; of 12 and 18 yards, seven each ; 
nine spaces of 25 yards, ten each of 15 and 23 yards, thirteen 
of 17, and fourteen of 20 yards. In the one hundred and nine- 
teen spaces, there are but thirty-two different dimensions. 

But in many cases the lengths of the mounds are equal to 
the spaces between the mounds. Comparing both spaces and 
mounds, therefore, we have one hundred and sixty-nine dimen- 
sions of thirty-eight different values, as follow: of 5, 8, 10, 16, 


8 “ | 
8. 
Embankment, 55 yards,...... 75 yds. | Embankment, 40 yards,...... 23 yds. 
“ 85 “ 12 “ 40 26 
“ 40 12 “ | 
Spaces. 
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26, 31, 45, 49, 58, 63, 73, 154 and 825 yards respectively, one 
each; of 36, 38, 65, 85 and 100 yards, two each; of 14, 19, 82, 
37 and 75 yards, three each ; of 28 and 60 yards, four each ; five 
dimensions of 44 yards each, and six of 85; of 12, 18, 80 and 
83 yards, seven each; of 25 and 50 yards, nine each; of 15 
and 23 yards, ten each; thirteen dimensions of 17 yards, four- 
teen of 20 yards, and sixteen of 40 yards each. Obviously such 
coincidences could not occur casually. Though the number 
of measurements here recorded is too small to base any far- 
reaching conclusions upon, they will afford a safe foundation 
for investigations, as they have been selected at random from 
many localities in different counties. A comparison of a larger 
number of measurements would only tend to reduce the number 
of values in proportion to the dimensions; though there would 
ultimately remain, of course, a considerable number of mounds 
unique in size as well as other characteristics. 

These dimensions seem to indicate that the unit employed 
either was simply, or had grown out of, the pace, or yard. The 

ossession of such a unit would not point to a race of very high 
intellectual culture, though to one widely removed from the 
lowest savages. 

The northern limit of the mounds of definite dimensions is not 
certainly known. The writer has sought vainly for evidence of 
the use of measurements in the most northerly of the mounds. 
His own examinations so far extend only to latitude 48° 30’ N., 
and there the mounds are of constant or related dimensions. 
The most northerly of the measured mounds are undoubtedly 
within Minnesota. 

If we assume a slow southerly migration to have taken place 
in the Mound-builders, it will explain the evident increase in 
geometrical knowledge attested by the various works found in 
— across the United States from north to south. Here we 

ave measurements of simple lines, but not of angles or areas. 
In Ohio, angles were correctly measured, as we find from the 
squares being accurate squares and the circles perfect circles ;* 
and areas were measured, as attested by adjoining squares and 
circles being equal or very nearly equal in area,t though there 
is no satisfactory evidence that the cardinal points were then 
known ;} and in the lower Mississippi region the cardinal points 
were known.§ The gradual modification in the various arms 
and implements, and the striking improvements in pottery, 
together with many other important considerations, lend sup- 
port to this view. 

Farley, Iowa, August 1, 1878. 

* Squier and Davis, ‘“‘ Ancient Monuments of the Mississippi Valley,” pp. 9, 56. 


+ Ibid., plates XVII and XXV; also the whole chapter descriptive of “ Sacred 
Enclosures.” t Ibid., p. 66. § Ibid., pp. 116, 117. 
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Art. XXXII. — Observations upon the Solar Eclipse of July 29, 
1878, by the Princeton Eclipse Kapedition ; by Professor C. A. 
Youne. 


THE Princeton expedition to the Rocky Mountains to observe 
the recent eclipse, was organized early in the year, and its ex- 
penses were mainly provided for by a liberal appropriation made 
for the purpose by the trustees of the estate of the late John 
C. Green. I have said, mainly, because we are also greatly 
indebted to the kindness of the managers of the Pennsylvania, 
the Chicago and Alton, and Kansas Pacific Railroads, and to 
the American Express Company, for the free transportation of 
persons and instruments, to the authorities of the State of 
Colorado for the loan of camp equipage, and to the Western 
Union Telegraph Company for various courtesies. We are 
also under obligations to Mr. Edison, to Rutgers and Dartmouth 
Colleges, and to the observatory of Harvard College for the 
gift or loan of apparatus. 

Our principal object was to investigate the spectrum of the 
corona and chromosphere — not only the visible portion, but 
also, and especially, the invisible portions below the red and 
above the violet. It was hoped that some new lines might be 
discovered in these portions by the help of the thermopile, 
photography or fluorescence, but in this respect, as will be 
seen, our hopes were not fulfilled. Indeed we were well aware 
from the outset that the chances were considerably against us, 
and that it was quite likely, as it turned out, that the corona 
would sympathize with the present general apathy of the solar 
surface to an extent which would make the bright lines of the 
corona spectrum unusually faint and difficult of detection. 

Our party, under the charge of Professor Brackett and 
mvself, consisted of ten persons when we left Princeton on 
July lst. We were joined in Missouri by another, and after 
we went into camp at Denver by still another, making up our 
proper party to twelve persons. Mr. Ranyard of the Royal 
Astronomical Society was also with us as our guest, and 
observed from our camp, and on the day of the eclipse we 
were assisted by several volunteers who came out from the 
city for the occasion. 

Arriving in Denver on July 5th, we went into camp on the 
7th in a grove on the bank of Cherry Creek about two and a 
half miles southeast of the city. Our position was determined 
by a triangulation made by Messrs. Libbey and McNeill, con- 
necting us with several well determined points in the city. 

Assuming for the High School house in Denver, lat. 39° 45’ 
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00°6”, long. 15 51™ 45:2™ west of Washington, according to the 
data kindly furnished by the Coast Survey, the position of the 
pier of our equatorial was, lat. 39° 43’ 27”, long. 1" 51™ 40°-4 
west of Washington. The other instruments were all within 
150 feet of this. Our equipment was as follows: For time, we 
had a sidereal box chronometer, with electric break circuit, by 
Parkinson & Frodsham, No. 4121; also a mean time pocket 
chronometer by the same makers, No. 5450. The rates of both 
were small and very regular. Their errors were determined 
every fair day by altitudes of the sun measured with a Pistor & 
Martin’s prismatic sextant and artificial horizon. It was only 
rarely that we could get equal altitudes in morning and after- 
noon, as the afternoons were usually cloudy even when the 
mornings were fine. For chronographs we had two Morse 
registers of the European pattern. 

For the ordinary ocular observations we had: (1) A four-inch 
telescope by Clark—the object glass of the meridian circle of 
the Princeton Observatory—temporarily mounted in a rough 
tube upon a very rude altitude and azimuth stand. It was 
fitted with a Herschel solar eyepiece and power of about fifty. 
Professor Brackett used this in observing the first and last con- 
tacts. (2) A four-inch dialytic by the late Mr. Sage of Orange, 
N. J., equatorially mounted. This instrument was kindly 
loaned by Mrs. Sage at the request of Professor C. G. Rockwood, 
who observed with it the first and last contacts, assisted by Mr. 
J.C. Grant. (8) A telescope of two and three-fourths inches 
aperture, the object glass, by Clark, belonging to the Princeton 
transit instrument, mounted upon a rough equatorial stand, 
and provided with a screen for observing the projected image 
of the sun. (4) A comet-seeker by Fitz, six inches aperture 
and about forty-six inches focus, with a curious arrangement 
of two eyepieces: power 195. This was mounted upon a tri- 
pod with altitude and azimuth motion. It was used by Mr. 
Malcolm McNeill during totality in sweeping for intra-mercu- 
rial planets, but without success. 

After totality the large equatorial of the Princeton Observa- 
tory, having nine aud a half inches aperture and twelve feet focus, 
was used by myself with the Merz polarizing eyepiece and power 
of 250, in observing the cusps and the moment of last contact. 

For observing the visual spectrum of the corona four instru- 
ments were provided. (1.) The large equatorial with clock- 
work just mentioned. This was fitted with a single-prism 
spectroscope, and fluorescent eyepiece, having a film of solution 
of Asculin about 1mm. thick. With this the dark lines of 
the ordinary solar spectrum could be easily seen as far as O, 
and with precautions I could see even farther. The eyepiece 
could be set axially as well as obliquely. I used this instru- 
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ment myself during totality. (2.) The finder of the equatorial 
is a fine telescope of three inches aperture. To this was fitted 
a spectroscope with a diffraction grating on silvered glass by 
Rutherfurd, 17,280 lines to the inch. With this I observed 
the first contact, and the behavior of the spectrum up to 
totality. During totality it was not used. I was assisted during 
the eclipse by my son, Mr. C. I. Young, who pointed the tele- 
scope and made my records. 

(8.) A single-prism integrating spectroscope mounted equa- 
torially, with an opera glass in front of the slit as a condenser. 
The collimator and telescope had each an aperture of two and 
a half inches, and a focal length of twenty-six anda half. The 
prism, kindly loaned for the occasion by Professor Emerson of 
Dartmouth College, had a refracting angle of forty-five degrees, 
and faces two and a quarter by two and a half inches. It was 
mounted, not at the angle of minimum deviation, but in such 
a way that by moving a lever it could be slightly rotated so as 
to throw the spectrum across the field of view. The whole 
was mounted equatorially, but without clockwork, and was 
committed to Mr. C. D. Bennett. (4) An integrating spectro 
scope of high dispersion by Grubb. This had telescope and 
collimator of one inch aperture and twelve inches focus, with a 
train of dense sixty-degree prisms, varying in number at 
pleasure from ten to four—six were used during totality—it 
was fitted with an opera-glass condenser like the preceding. 
The dispersive power was too great, and nothing at all was 
seen with it by Mr. H. S. Smith who had it in charge. 

(5.) For the observation of the spectrum-images of the corona, 
a slitless spectroscope of peculiar arrangement was employed, 
constructed specially for the purpose by Clark & Sons. ‘Two 
small telescopes, precisely similar, each of two inch aperture 
and fourteen inch focus, with a magnifying power of ten and a 
half were placed parallel to each other upon a board, and in 
front of their object glasses were secured two thirty-degree 
prisms each four and a half inches long by two and a quarter 
wide. One face of the anterior prism was set so as to be per- 
pendicular to the incident light, and one face of the other 
prism was perpendicular to the optical axes of the telescopes. 
The whole affair was mounted equatorially upon a post by 
Professor Rockwood (who had charge of the instrument) in a 
very ingenious manner, so that the plane of dispersion could 
be altered at pleasure. The three inch telescope before men- 
tioned was attached to the same stand and arranged for polari- 
zation observations during the totality, but Professor iackvecd 
did not get time to use it. During the totality, Professor 
Brackett also examined the coronal images as seen by looking 
with the naked eye through a direct-vision prism of considera- 
ble dispersion. 
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Our photographic attack upon the corona spectrum employed 
four instruments. (1.) A spectroscopic camera with diffraction 
grating of 8640 lines to the inch, the ruled surface two and 
one-fourth by one and three-fourth inches. The collimator 
had an achromatic lens of three inches aperture and about forty 
inches focus ; the slit was about three-fourths of an inch long, 
and so arranged that one-half of it could be uncovered at a 
time, for the purpose of securing the dark lines of the solar 
spectrum as reference marks by a short exposure of one-half 
the slit after totality, the other half having been exposed during 
the totality. The image was formed upon the plate by a quartz 
lens two inches diameter and twenty inches focus. The light 
was concentrated upon the slit by an opera-glass condenser with 
quartz lenses. The whole was equatorially mounted upon a 
post. With sunlight this instrument gave strong and beauti- 
fully defined impressions of the spectrum from F to O with ex- 
posures of between one-fourth and one-half a second ; but the 
plate exposed through the whole of the totality showed no trace 
of action, to the great disappointment of Mr. W. Libbey, Jr., 
who had charge of the instrument and undoubtedly got from it 
all it would do. _ 

(2.) A prismatic camera, consisting of a slit, a prism and a 
single quartz lens of ten inches focus. This instrument also 
had an opera-glass condenser, but of glass lenses, and was 
mounted equatorially upon a post. The rays from the slit were 
not rendered parallel before passing the prism, the lens being 
between the prism and sensitive plate. The slit of this instru- 
ment was arranged so that exposures of different lengths could 
be given to different adjacent portions of the plate. It gave 
impressions even more quickly than the preceding in full sun- 
light, but like it, failed to give any result during totality, not- 
withstanding the skillful management of Mr. W. W. McDonald, 
to whom it was intrusted. 

(3) and (4) were slitless spectroscopes mounted together 
upon an equatorial stand kindly loaned to us by Professor 
Pickering, of the Harvard College Observatory. Professor 
Brackett, with great skill and ingenuity, attached to this an 
excellent clockwork compiled for the occasion mainly from the 
movement of the chronograph of the Princeton observatory. 
In one of the instruments the dispersion was effected by a 
speculum-metal grating of 17280 lines to the inch, with a ruled 
surface two and one-fourth by one and three-fourth inches. In 
the other a sixty-degree prisin of white flint was used. The 
image-forming lens in each case was an achromatic of about 
two and one-half inches aperture and twenty-four inches focus. 
About eight minutes before totality, the diffraction instrument, 
with a five-second exposure gave a fine spectrum, but neither 
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of them succeeded during totality. Professor Brackett, assisted 
by his wife, took this double instrument as his special charge, 
though he besides had the entire management and oversight of 
all the photographic work; and not only so, but nearly every- 
thing that was ingenious in contrivance and skillful in execu- 
tion was his also. 

For photographing the corona, we had a six-inch telescope 
by Clark, with an object glass specially corrected for the actinic 
rays, loaned us by Professor Pickering. This was mounted 
upon an equatorial stand with clockwork, lent to us by Rutgers 
College. Mr. G. H. Calley was put in charge of this instrument 
and obtained with it three fine pictures of the corona with ex- 
posures of ten, fifteen and twenty-five seconds respectively. A 
plate which was to have had forty seconds exposure was un- 
fortunately lost. 

Only one instrument remains to be mentioned, that with 
which we attempted to explore the infra-red portion of the 
spectrum. It was a spectroscope, with thermoscopic apparatus 
substituted for the retina. A tube about five feet long carried 
at the upper end a slit two inches long taken from a Dubosc 
electric lantern. At the lower end of the tube was mounte 
a large spectrum-metal diffraction grating 5760 lines to the 
inch, in such a manner that it could be slightly turned by 
moving a long lever. In front of the grating was fixed a two- 


inch quartz lens, at the end of a bifurcated tube, suitably dia- 
phragmed, and carrying at the other end a delicate line ther- 
mopile and a tasimeter. The whole apparatus was attached to 
a board ye ae rs d mounted. In a large box close at hand 


was placed a delicate differential reflecting galvanometer, con- 
structed by Professor Brackett specially for the purpose—as, 
indeed, was also the thermopile—both galvanometer and ther- 
— distinctly superior to anything we could otherwise 
obtain. 

We had relied mainly upon the tasimeter, which Mr. Edison 
himself constructed, and gave to us, with a wholehearted gen- 
erosity which deserves and has our sincerest thanks. We 
received the instrument, however, only the day before leaving 
home, and when we came to experiment in the field we found 
it quite impossible to do anything with it without completely 
remodelling the whole apparatus, which there was no time to 
do. Whenever the direction of the instrument was changed to 
keep the collimeter pointed to the sun, the whole adjustment of 
the tasimeter was destroyed. It needs to stand unmoved upon 
a firm foundation, while the rays under investigation are 
brought to it by reflection. Under the circumstances we were, 
therefore, obliged to rely wholly upon the thermopile. 

Mr. A. D. Anderson managed the lever which moved the 
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grating and observed the galvanometer, while Mr. Taylor, of 
Denver, who joined us for the day, directed the collimator. 
Doubtful indications were obtained of a heat line having a 
wave length of about 8540 of Angstrém’s scale. 

Of the instruments described the large equatorial was 
mounted under a sort of railroad car, which could be run off 
on a track so as to uncover the telescope when wanted. The 
photographic telescope and Professor Brackett’s instrument were 
in a separate house, which also contained the photographic 
dark room, the telegraphic apparatus and chronometers. The 
other instruments were so arranged that they could be easily 
dismounted and brought under shelter when necessary. 

The weather was very unsatisfactory for most of the time 
between our arrival upon the ground and the eclipse, especially 
for the ten days immediately preceding. The mornings were 
very generally clear, but by eleven o'clock the sky would be 
more or less completely overcast with heavy cumuli rolling 
down from the mountains, and in the afternoon there would 
be thunderstorms, sometimes of great violence. But the day 
of the eclipse was almost perfect; there were no clouds except 
one or two little fleecy things which kept out of our way, and 
a heavy bank over Long's peak, just where it was wanted to 
bring out the effects of the advancing shadow. 


Observations of Contacts, etc. 


The first contact was noted by Professor Brackett with the 
four-inch telescope at 2" 19™ 43*3, local time. By myself, 
with the spectroscope attached to the three-inch finder of the 
equatorial, the moon was first certainly made out encroaching 
upon the chromosphere at 2" 19™ 38°, and contact with the 
limb was noted at 2" 19™ 46*:0, both local time. 

Professor Rockwood with the four-inch dialytic, power 100, 
noted the first contact as having occurred—a past event—at 
26 20™ 0788, local time. He remarks, “I was conscious that 
this was too late by certainly several seconds.” The instru- 
ment was not provided with a convenient means of marking the 
place of contact, which occurred at a point not exactly where 
It was expected. No observations were made of second and 
third contact. The last contact was noted by Professor Brackett 
at 4" 35" 10°7; by Professor Rockwood at 4" 34™ 53°8; by 
myself, with the nine and a half-inch telescope, full aperture, 
polarizing eye-piece and power of 250, at 4" 85™ 14*5—a very 
satisfactory observation. 

It will be remembered that the error of the standard chro- 
nometer was determined by sextant observations upon the sun, 
and the local time is therefore uncertain to the extent of at 
least 1'5 seconds from this cause. 
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During the progress of the eclipse, before totality, Professor 
Rockwood looked carefully for any such phenomena as brushes 
of light at the cusps, and after totality both Professor Brackett 
and myself joined him in the examination with our instru- 
ments, but nothing abnormal was seen by either of us. With 
the large equatorial the definition was most of the time very 
fine indeed. 

Fringes.—Mr. McNeill, who was in charge of the comet- 
seeker, observed them hurriedly as totality came on. He 
says: “On the approach of totality I observed a series of 
shadows parallel to each other, somewhere about five inches 
wide and three feet apart. They extended from southwest to 
northeast, and moved in a direction perpendicular to this 
toward the southeast, at a rate of some eight or ten miles an 
hour.” 

Mr. Smith also saw them and gives the following account of 
them: ‘During the last thirty seconds of totality, when look- 
ing to see if my instrument was properly pointed, I saw a series 
of black shadowy bands moving in a direction contrary to the 
moon’s motion. They were about three inches in breadth and 
about two feet apart, and their length was at right angles to 
their line of motion. After totality I measured approximatel 
the direction of their length and found it to be about aaah 
thirty east. In the limited field of view that I had these lines 
appeared to be straight, but not even, looking as if made u 
of crescents having their points overlapping. I did not loo 
at them for more than a few seconds.” Mr. Smith also informs 
me verbally that the velocity of movement rather exceeded a 
very fast walk—say from five to six miles per hour—also that 
he estimated the dimensions by measuring, the next morning, 
upon the ground, the distance between objects over which the 
fringes passed simultaneously. The fact that the movement 
as he saw it was just opposite to Mr. McNeill’s impression, is of 
course noticeable. Perhaps the explanation may be connected 
with the fact that one observed at the beginning, and the other 
at the end of totality. Mr. Pickering, however, who though 
not of our party observed in our enclosure, described the 
movement as vibratory rather than progressive. 


Spectroscopic Observations. 


Analyzing spectroscope-—I observed the first contact with the 
diffraction spectroscope attached to the finder, and after that, 
during the progress of the eclipse, I gave a most careful 
scrutiny to all the principal dark lines of the spectrum to 
ascertain whether there was any absorptive action to be de- 
tected at the moon’s limb. I tried spectra of various orders, 
so as to give both extremely low and extremely high disper- 
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sion, but in all cases and with all the lines found only one 
emphatic negative result. 

About ten minutes before totality the number of chromo- 
sphere bright lines, visible in this instrument began to increase. 
1474, the 0.s and others in that part of the spectrum began to 
be conspicuous, and I turned my attention to the single prism 
instrument with the fluorescent eyepiece. At this time I found 
I could see the dark lines quite to 0, and rather better than be- 
fore the eclipse began. I adjusted the slit tangent to the 
expected point of contact, and brought to the center of the field 
the portion of the spectrum between D and E, the field extend- 
ing from about C on one side to above Fon the other. At the 
moment when totality began, the field was filled with bright 
lines, which came into brightness, not instantaneously, but 
brightening perhaps half a second, remained steady nearly a 
second and then faded out and disappeared, not all together but 
successively, most of them being lost within two seconds of 
their first appearance, while some lasted three or even four 
seconds. After this there remained bright in the field C, D,, 
1474 and F. No lines could be seen between D, and 1474. I 
immediately began to work the tangent screw to bring down 
the ultra violet into the field, and while I was doing so, my 
son accidentally let the image of the corona get off from the 
slit, and as it moved off I noticed the persistency of 1474 still 
visible in the edge of the field to a distance of at least ten 
minutes from the limb. F disappeared at a distance not much 
more than five minutes. There was a little difficulty in re- 
pointing the instrument, as the slit could not be easily seen, 
though the image of the corona was fairly bright. While my 
son was bringing things to place I looked at the eclipse for 

erhaps ten seconds and saw the polar streamers of the corona, 

ut did not notice the equatorial ones and was surprised at not 
seeing them. I also noticed a quivering of the air along the 
telescope tube. The corona seemed to me much less brilliant, 
but not less extensive than in 1869 and 1870. Applying my 
eye again to the eyepiece I worked up as rapidly as possible 
into the ultra violet, and tried every device I could think of 
to find lines there, but without success, though there was 
a faint continuous spectrum. In a few seconds the totality 
ended, its termination being heralded by the reversal of the 
two H (calcium) lines as the image of the prominences and 
chromosphere fell upon the slit. I had never been able to see 
this before since my first observations of the same thing in 
1872, at Sherman. I saw no other lines reverse at close of 
totality. 

The observations were greatly facilitated by the count of 
seconds which was kept up with perfect steadiness and accuracy 
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by Mr. W. H. Pierce, of Denver, who kindly volunteered to 
assist us in this way. Starting his stop watch at a signal given 
by Professor Rockwood, he beat once in two seconds with a 
small hammer upon an anvil so as to be distinctly heard through 
the whole ground, and called out every tenth second. Thus 
every observer knew precisely how much time remained at his 
disposal. With the single prism integrating spectroscope, Mr. 
Bennet saw at the beginning of totality, for three or four sec- 
onds F and 1474, and these only—he could not see C—why, I 
eannot imagine, but with nearly the same instrument Mr. Abbay 
had a similar experience in Spain in 1870. During totality the 
continuous spectrum was too faint to show the spider lines. 
Four secouds before the end of totality 1474 “shot out” again, 
followed by the bluish green line, which was seen to change 
into the dark line F. F was much brighter and broader than 
1474. No dark lines could be seen, nor indeed lines of any 
kind except the two named, and that only for a few seconds at 
beginning and end of totality. 

With the six-prism Grubb spectroscope, Mr. Smith could see 
absolutely nothing. 

Slitless spectroscopes.—Professor Brackett reports his observa- 
tion as follows: ‘ About thirty-five seconds of the totality had 
passed when I had put my plates in their places and waited 
for quiescence and exposed them. My eye of course was in its 
most sensitive condition as I had just left the dark room. The 
first thing I did, therefore, was to take a large direct vision prism 
having neither slit nor telescope, and look for rings. 1 saw 
none but did see clearly the following that were very clear and 
distinct. A line in the red, one in the yellow, one in the green 
and a fourth in the violet [? blue]. All these lines were clear 
and sharp as long as I continued to look, perhaps ten or fifteen 
seconds. They were not to be seen at any considerable distance 
from the moon, and only along its eastern limb, extending over 
an are of about 120°.” Of course the lines seen were C, D,, 
1474, and F. Professor Rockwood used the binocular instru- 
ment described previously. I give his interesting report in his 
own words and in full. ‘As totality approached I went to 
the binocular and by help of a dark glass watched the spectrum 
of the sun’s crescent seen there, having placed the instrument 
so that the plane of dispersion of the prisms was perpendicular 
to the line of the cusps. I had previously focussed the telescopes 
carefully upon the distant mountains, and during totality this 
focus was not changed. Some considerable time (probably 
eight or ten minutes) before totality I was able to see the 
prominent dark Fraunhofer lines. The number of these in- 
creased until just before totality, when the crescent was very 
narrow. I had a bright continuous spectrum some ten minutes 
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wide, showing, as it seemed to me, the full solar spectrum with 
all its dark lines as when a slit is used. These lines were so 
sharp and distinct that I counted and noted five distinct dark 
lines between the two H’s. At this time, and before, I noted 
also a bright band in the neighborhood of A, which may have 
been due to Hd or may have been owing to the absorption of 
the dark glass I was using, a London smoke. When the light 
was sufficiently reduced, some fifteen seconds or so before 
totality, I discarded the dark glass, and moved my eye so as to 
see only the violet end of the spectrum and then followed it 
down toward the red, as fast as the fading brightness of the 
light would permit, until I was able to see the whole spectrum 
about covering the field of my instrument. 

“ At the commencement of totality I was thus watching the 
dark lines, when suddenly the sun’s disk was entirely covered 
and I saw a number of bright crescents crossing the still visible 
continuous spectrum. They projected on both sides beyond 
the continuous spectrum, being certainly fifteen minutes and 
perhaps twenty minutes long. They showed upon them 
several prominences. I noted two small ones near the south 
limit and three larger near the north limb, the most northern 
one having a hook form. I failed to get note of what lines 
these crescents belonged to, but immediately afterward I put 
down from memory these—near B(?), C, Ds, 1474, F, (Hy). On 
the appearance of these bright crescents I gave the word to 
Mr. Pierce to begin counting. I continued to watch them and 
the continuous spectrum, looking for the latter to break up 
into rings. The moon gradually covered the crescents, leav- 
ing still the tops of the prominences visible as bright points 
seen in several colors. When these points were almost 
covered I called “stop” to Mr. Pierce, and found afterward 
from his watch that two minutes twenty-eight and a quarter 
seconds had elapsed since I first saw them. But by this time 
the prominences on the western limb had begun to be un- 
covered, and in a few seconds the northern ones had joined in 
a long sierra, and then I had a new set of crescents in view. 
Of these I noted the following lines: near B, C, D,, 1474, F, 
Hy, H,, H, These all showed clear and bright, and in addi- 
tion there were four or five fainter ones between F and Hy 
which I could not locate exactly. Those named did not differ 
much in brightness, and I did not notice but that the forms of 
the prominences were the same in all, still I cannot be positive 
about that. 

“The spectrum of the corona during all of totality was con- 
tinuous and tolerably bright. I saw no dark lines crossing it, 
but did not look particularly for them and should not expect 
to see them with my instrument. It did not show any bright 
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rings. I looked most carefully for them, expecting to see 
them. Once about the middle of totality I thought I saw 
traces of a ring about where 1474 ought to be, but a second 
look did not confirm the impression. The continuous spec- 
trum seen during totality was somewhat wider than the moon’s 
disk, but I cannot say how much, nor can I tell just when it 
assumed the greater width. Before totality it was quite nar- 
row and the bright crescents projected on both sides beyond it. 
But I remember that in looking for the rings I expected them 
to be seen upon this spectrum and not to project beyond it. 
I did not take my eyes from the instrument during totality, 
my intention being to see these rings if there were any to see, 
and my first feeling when totality was over was one of failure 
because none had been visible.” 

Thermoscopic observations.—Mr. A. D, Anderson reports his 
observation with the thermospectroscope as follows: “As soon as 
the corona appeared the slit-tube (collimator) was pointed to it, 
the slit opened, the galvanometer balanced, and the lever which 
turns the grating moved so that the spectrum from the orange 
through the ultra-red traversed the face of the pile. When 
the extreme red was reached the lever was moved back to its 
original position. During totality the instrument was pointed 
four times to the corona, and four observations were made. 
The only result obtained was during the third observation when 
a decided deflection of the galvanometer index was noticed, in 
the direction indicating heat, from 54 to 57 on the scale, the 
index returning to its original position as the lever was moved 
past the point. A precisely similar and equal deflection oc- 
curred when the lever on the return stroke reached the same 
point.” The position of the lever at the moment of the deflec- 
tion was carefully marked, and after the eclipse it was found 
that a point in the spectrum of the second order just above G 
was upon the face of the pile. This would tend to indicate a 
heat line in the ultra-red with a wave length twice that of the 
coincident blue light. At the same time it must be admitted 
that the conclusion is doubtful, for, though it is not easy to 
explain what cause other than a coronal heat line could have 
produced the observed deflection, it is equally difficult to ex- 
plain why the three other sweeps across the spectrum failed to 
show the same thing. 

It is proper that I should here add that the American Acad- 
emy of Sciences at Boston had placed at our disposal a consid- 
erable appropriation for this thermoscopic research ; thanks, 
however, to the industry and ingenuity of Professor Brackett 
in constructing our apparatus, the generosity of Mr. Edison in 
giving us a tasimeter, the kindness of our railroad friends in 
the matter of passage and freights, and the liberal scale of the 
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original appropriation of the Green Trustees, it was not found 
necessary to draw upon this fund, though we are none the less 
grateful for its provision. 

I need not occupy much space with a discussion of the pho- 
tographic work. I think we failed in obtaining the desired 
results, simply because the lines we hoped to find in the ultra- 
violet did not exist there on this occasion, though it is of course 
certain that lenses of more light-gathering power would have 
increased our chances. That there was no fault with the 
chemicals and the manipulations is evident from the splendid 
success of Mr. Calley’s pictures of the corona. In twenty-five 
seconds he obtained a far more extensive and better photograph 
than the same instrument gave in 1870 at Jerez with an exposure 
lasting through the whole totality, more than two minutes. 

I ought not to close without a word of recognition of the 
courtesy and helpful kindness of our Denver friends. I do not 
know what they could have done that they did not, to aid us 
in our work and make our stay among them pleasant. 

Princeton, September 6, 1878. 


Art. XXXIIIL—On a Cause for the Appearance of Bright Lines 
in the Solar Spectrum; by RAPHAEL MELDOLA, F.R.A.S., 
F.C.8., &e.* 


In July, 1877. Professor Henry Draper showed that oxygen 
and (probably) nitrogen are present in the sun’s atmosphere, the 
spectral lines of these gases appearing as bright lines in the solar 
spectrum. The photograph accompanying Professor Draper’s 
paper,t shows that the oxygen lines are bright, although not 
conspicuously so, upon a less juminous background. 

The discoverer of this most important fact in solar chemistry 
does not offer any complete explanation of the exceptional 
behavior of the lines of these elements, but remarks that ‘it 
may be suggested that the reason of the non-appearance of a 
dark line may be that the intensity of the light from a great 
thickness of ignited oxygen overpowers the effect of the pho- 
tosphere, just as, if a person were to look at a candle flame 
through a yard thickness of ignited sodium vapor, he would 
only see bright sodium lines and no dark absorption lines. 
Of course such an explanation would necessitate the hypothesis 
that ignited gases such as oxygen give forth a relatively large 
proportion of solar light.” 

The oxygen spectrum referred to in the above-mentioned 
paper is the well-known “line spectrum” seen when powerful 


* From Phil. Mag. for July, 1878. + Nature, xvi, 364, August 30, 1877. 
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disruptive sparks pass through the gas. Dr. Schuster has 
recently succeeded in obtaining a second or “compound” 
spectrum of oxygen,* the fundamental lines of which he has 
shown with considerable certainty to be present as dark lines 
in the solar spectrum. 

Since the publication of Professor Draper's discovery, I have 
given much attention to the consideration of a cause for the 
apparently anomalous brightness of the oxygen lines; and in 
the present paper I venture to advance an explanation which has 
recommended itself as being worthy of notice, not only because 
it offers a reconciliation of the known solar spectrum with the 
generally accepted views of the constitution of the sun’s atmos- 
phere, but likewise because it furnishes a suggestive hypothesis 
for the attack of many other obscure problems in solar physics. 


1. I shall throughout this paper consider it to be established 
that the gaseous envelopes surrounding the sun succeed each 
other in the following order, commencing with the lowest : 

(1) Photosphere; (2) Reversing layer; (3) Chromosphere ; 
(4) Coronal atmosphere. 

I also assume the truth of the hypothesis, first advanced by 
Johnstore Stoney,t who showed, from purely theoretical con- 
siderations, that in the sun’s atmosphere the various elements 
must extend to heights which are, broadly speaking, inversely 
as their vapor densities. ‘This view has, in my belief, been 
substantially confirmed by subsequent observation. Thus ni- 
trogen and oxygen, having the respective densities 14 and 16 
(H=1), would extend to a great height in the solar atmosphere, 
rising above sodium, calcium and magnesium, and having ex- 
terior to them the unknown substance giving the D, line (heli- 
um), hydrogen, and the element giving the coronal line “1474.” 

2. ‘I'wo suppositions can be made concerning the sun’s tem- 
perature. In the first place, it may be assumed that the tem- 
perature is so enormously elevated that no chemical compound 
is anywhere capable of existing in his atmosphere; in other 
words, dissociation may be considered to be complete. In the 
next place, it may be supposed that the temperature falls off 
sufficiently at some region of the outer portion of the sun’s 
atmosphere for certain chemical combinations to take place. 

3. Let us first assume that the temperature of the sun is so 
great that there is perfect dissociation throughout his whole 
atmosphere. Under these circumstances free oxygen would 
exist in the presence of electro positive elements; and, in 
accordance with Stoney’s hypothesis, both this element and 
nitrogen (if present) would extend to a considerable height in 

* Nature, xvii, 148, December 20, 1877. 


+ Proc. Roy. Soc., xvi, p. 2 and xvii, p. 1; Phil. Mag., August, 1868; Monthly 
Notices Roy. Astr. Soc., Dec., 1867; Lockyer, Phil. Trans., 1873, clxiii, 265. 
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the sun’s atmosphere, rising as a necessary consequence, into 
regions which are cooler than that stratum which is cool enough 
to reverse the spectral lines of those metals having the smallest 
molecular mass, viz: Na, Ca and Mg.* Professor Draper’s 
suggestion that the enormous thickness of incandescent oxygen 
may overpower the light of the photosphere, can only hold 
good, when considered in connection with this hypothesis, if 
the temperature of the upper portions of the oxygen atmosphere 
does not differ to any great extent from that of the lower and 
hotter portions. When, however, we bear in mind the com- 
paratively low vapor density of oxygen, and consider at the 
same time to what an enormous height the hydrogen atmosphere 
extends, it appears probable that the height reached by oxygen 
would be such that the temperature of the upper portions of 
this gas would be considerably lower than that of the subjacent 
layers; so that any excess of radiation over that of the photo- 
sphere given out by the hottest portions of the incandescent 
oxygen would be obliterated by the absorption of the cooler 
portions above. 

[The same reasoning can be applied if we suppose that the 
temperature of the oxygen falls off at some particular level ; 
so that above this boundary the state of molecular aggregation 
of the gas corresponds to Dr. Schuster’s ‘‘compound line” spec- 
trum, while below this boundary the greater heat of the gas 
resolves its molecules into the atoms giving the ordinary line 
spectrum. The effect of this state of affairs is practically the 
same as would be brought about by annihilating a certain por- 
tion of the upper oxygen layers, since the two different molec- 
ular states of the gas give totally dissimilar spectra. We are 
thus reduced to an oxygen atmosphere of smaller extent, and 
the foregoing reasoning obtains. ] 

ngstrém suggested + that the non-appearance of the lines 
of oxygen and nitrogen in the solar spectrum might be ac- 
counted for by supposing that, at the temperature of the sun, 
the specific absorptive power of these gases may be insnfficient 
to reverse their spectra. This view, however, equally fails to 
account for the brightness of the lines in question. 

4, Let us now make the not improbable assumption that the 
temperature of the sun’s nucleus, photosphere, and reversing 
layer is so great that dissociation is perfect throughout these 

* Stoney has shown (Proc. Roy. Soc., xvii, p. 14) that a gas or vapor, even 
when present in only small quantity, will nevertheless extend to nearly its full 
height in the solar atmosphere. 

+ He remarks (Recherches sur le spectre Solaire, Upsal, 1869, p. 37) that it is 
‘‘trés-probable que la température élevée du soleil ne suffit pas pour produire les 
raies brillantes de l’oxygéne et de l’azote, et que par conséquent, méme en suppo- 
sant que ces corps existent actuellement dans le soleil, ils ne doivent pourtant pas 
occasioner de raies obscures dans le spectre solaire.” He further suggests that 
oxygen and nitrogen may exist in the corona. 
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regions, but that somewhere in the higher regions, or above 
the chromosphere,* the temperature falls off sufficiently for 
some kinds of chemical combination to take place—say, in the 
present instance, for oxygen to combine with hydrogen. Under 
these circumstances we should have, concentric with, and ex- 
terior to, the chromosphere, a zone of combustion where oxy- 
gen and hydrogen, already at a very elevated temperature, 
enter into combination and become thereby raised to a state of 
more vivid incandescence.t All elements which, by virtue of 
their small vapor density, extended into the region of com- 
bustion, would be raised to incandescence by contact with the 
flaming gases, if not actually taking part in the combustion. 
Thus, according to the present hypothesis, we would not ex- 

ect to find in the solar spectrum the bright lines of elements 
sche a high vapor density. 

5. The possibility of combination taking place in the higher 
regions of the sun’s atmosphere is admitted by Stoney,t who 
states that “gases in the solar atmosphere which are kept 
asunder by the temperature of its lower strata may be able to 
combine in the cooler regions above.” Such combination, 
although arising from the cooling down of gases previously at 
a temperature of dissociation, would nevertheless be attended 
with the evolution of heat, and would possess the character of 
true combustion. Professor Draper also remarks, in the paper 
before referred to,§ that ‘diffused and reflected light of the 
outer corona could be caused by such bodies (oxygen com- 
pounds) cooled below the self-luminous point.” 

6. The following considerations appear to give support to 
the view that oxygen extends into regions sufficiently reduced 
in temperature for combustion to take place: 

The region which is called the chromosphere is distinguish- 
able as such through what may be called an optical accident: 
it is that zone of incandescent hydrogen which is rendered 
visible by the telespectroscope; the true boundary of the hy- 
drogen atmosphere lies far above the visible chromosphere ; and 
from this latter zone outward the temperature falls off rapidly. 

* It is generally admitted that the true height of the chromosphere is consider- 
ably greater than that seen by means of the telespectroscope, since the amount of 
dispersion necessary to weaken the scattered light of our atmosphere must 
weaken and shorten the hydrogen lines by which the chromosphere is revealed. 

+ It is well known that the oxyhydrogen flame does not show the lines of either 
of the burning gases. In the sun, however, the conditions are probably very 
different. The combining gases may be largely diluted with other inactive gases. 
Furthermore the pressure, as shown by the researches of Frankland and Lockyer 
(Proc. Roy. Soc., xvii, p. 288), is apparently far less in the upper regions of the 
chromosphere than in our own atmosphere. Both these causes would conspire to 
raise the point of ignition of the gases in question, so that a much higher temper- 
ature would be necessary to bring about combination than if they were undiluted 


and under greater pressure. 
¢ Proc. Roy. Soc., xvii. § Loc. cit., p. 366. 
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Now it has been well established by observation, that metals 
of great molecular mass, such, for example, as those of the iron 
group, are frequently thrown high up into the chromosphere.* 
Thus, if gases of great vapor-density are occasionally injected 
into the chromosphere, gases composed of molecules of com- 
paratively small mass, such as those of oxygen and nitrogen, 
would probably extend permanently into regions far above the 
chromosphere, and which are therefore at a much lower tem- 
perature than that zone. 

The elements chiefly concerned in producing selective ab- 
sorption in sun spots, as shown by the local thickening of their 
spectral lines, are all elements of high vapor density compared 
with oxygen—viz: Na, Mg, Ca, Ba, Fe, Ni, Cr and Ti; from 
this it appears that the disturbances producing these phenomena 
must extend low down in the chromosphere. The band spec- 
tra occasionally seen in the nuclei of sun spotst appear to indi- 
cate that in these regions the temperature is sometimes sufli- 
ciently reduced to admit of the formation of compounds. If 
therefore the temperature of the solar atmosphere above the 
spot layer is low enough to permit of chemical combination 
taking place,t even when the portions of the atmosphere con- 
cerned are swept down into the subjacent spot cavity, it follows 
that the layer into which oxygen extends (which, as we have 
seen, must be far above the spot layer) would likewise be cool 
enough to allow of the formation of compounds. 

7. It will help to give greater precision to the hypothesis of 
a zone of combustion, if we follow the course of a ray of light 
supposed to be emitted by the photosphere and received in the 
spectroscope of a terrestrial observer. Passing through the re- 
versing layer, the ray undergoes that selective absorption which 
gives rise to the Fraunhofer lines; and if its spectruin could be 

* Lockyer, Proc. Roy. Soc., xviii; Young, Journ, Frank. Inst., Sept., 1869 and 
Oct., 1870; also “ Nature,” vol. iii, p. 111, and vol. vii, p. 17; Respighi, Atti d. 
Real. Accad. d. Linc., 1872; Tacchini, Comptes Rendus, lxxvi, p. 829; H. C. Vogel, 
Beobachtungen, 1872; and numerous other observers. 

+ Professor Young states (Nature, vii, p. 109) that in the spectrum of a sun- 
spot he observed “between C and D some very peculiar shadings, terminated 
sharply at the less refrangible limit by a hard dark line, but fading out gradually 
in the other direction at a distance of three or four Kirchhoff’s scale divisions.” 
This answers in all respects to the spectrum of a compound body: indeed this 
excellent observer subsequently suggests that these bands ‘‘ seem to point to such 
a reduction of temperature over the spot nucleus as permits the formation of 
gaseous compounds by elements elsewhere dissociated.” In the spectrum of a 
sun spot recently observed at the Royal Observatory, Greenwich (Monthly Notices 
Roy. Astr. Soc., Nov. 9, 1877), a dark shaded band was seen at about wave-length 
6380, “‘sharp toward the blue and shaded off toward the red. Nothing seen on 
the sun to correspond with it.” 

+ If these band spectra are regarded as the spectra of elements in the stage of 
molecular complexity corresponding to the molecule giving the band spectrum of 
iodine, or Roscoe or Schuster’s new spectra of Na and Ka (Proc. Roy. Soc., xxii, 
362), the argument remains unaffected, since these band spectrum-giving mole- 
cules are spectroscopically equivalent to the molecules of compound bodies. 
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examined immediately after its emergence from this layer, the 
oxygen (and nitrogen) lines would appear dark, but less con- 
spicuous than the metallic lines, for reasons which will be entered 
into later on in this paper.* After traversing the chromosphere 
the ray reaches the zone of combustion, in which region, owing 
to the increased temperature, the lines of all elements which 
extend so far would tend to be reversed into bright lines of 
radiation.t 

[I say ‘‘tend to be reversed,” because whether they would 
actually become so depends upon the specific absorptive power 
of the elements concerned for the rays in question. Thus, let 
there be two gases, A and B, of which the spectral lines are 
Aa, Ag, Ay and Ba, Bg, Ay respectively; and let the specific 
absorptive power of A be greater at a given temperature than 
that of B. Imagine A and B to be raised to incandescence, 
and placed in front of a source of white light at a higher tem- 
perature, and let this combination be called the “first system.” 
Ou examination we should see the continuous spectrum crossed 
by dark lines, Aa, Ag, Ay, Ba, Bg and By, of which the first 
series would be darker than the second. Now conceive the 
radiation of the whole system to be weakened by general 
absorption or by removal to a distance. The lines of B would 
first disappear; so that if we imagine a mixture of A and B 
(“second system”) to be heated to incandescence and placed 
between the first system and the observer, the B lines might 
appear bright on a background of continuous spectrum, while 
the A lines remained dark, although weakened by the radiation 
of the second layer of mixed gases. ] 

Thus, if the sun’s envelopes exterior to the zone of combus- 
tion could be stripped off, we should see the solar spectrum 
with the lines of oxygen (and nitrogen) bright, and the hydro- 
gen lines probably dark but much fainter than now seen. 

8. The reversal of the oxygen (and nitrogen) lines into 
bright lines by the increased temperature of the region of com- 
bustion is rendered possible, even with the intense light of 
the photosphere as a background [and if, as most probably 

* The question here arises as to what order pf oxygen spectrum we should ex- 
pect to find at the temperature of the reversing layer. Dr. Schuster seems inclined 
to believe that the temperature may be such as to give the “compound” spectrum 
of this gas (Nature, vol. xvii, p. 148). The recent observations of Lockyer upon 
the calcium spectrum (Proc. Roy. Soc., xxiv, 352) tend to show that the tem- 
perature of this layer is intermediate in dissociation power between that produced 
by a small coil with jar and a large coil with jar, a temperature which I am dis- 
posed to believe would produce a state of molecular dissociation corresponding to 
the line spectrum of oxygen. 

+ It is possible that the temperature of the chromosphere may fall off at some 
particular level, so as to give above such boundary the “compound” oxygen 
spectrum. Should this be the case, the higher portion of the chromosphere may 
obviously be left out of consideration, so far as relates to its absorbing action on 
the line spectrum of oxygen. 

Am. Jour. Vox. XVI, No. 94.—Ocrt., 1878. 
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would be the case, the temperature of the said region of com- 
bustion is lower than that of, the photosphere], because the 
light radiated by the latter has undergone almost its maximum 
amount of weakening before reaching the zone of combustion, 
not only on account of the distance of this last region from the 
photosphere, but also because of the absorption, both selective 
and general, which the light has undergone in passing through 
the intervening reversing layer and chromosphere. 

9. We have next to turn our attention to that part of the 
sun’s atmosphere exterior to the zone of combustion, in order 
to account for the fact that the hydrogen lines appear so in- 
tensely dark while the oxygen lines are bright. The explana- 
tion which I venture to suggest is based upon a wide survey 
of the general spectroscopic characters of the elements. 

10. At the temperature of incandescence, the characteristic 
lines in the spectra of any elements which are compared may 
be of very different intensities. Thus Cappel has shown,* by 
a series of quantitative determinations made at the temperature 
of a Bunsen burner and of an induction spark, that very differ- 
ent amounts of the metals experimented upon can be detected 
by means of the spectroscope. The characteristic lines of an 
element are those which Lockyer has shown to be the /ongest. 
Interpreting such facts by the aid of the molecular theory of 
gases (and making due allowance for the fact that the charac- 
teristic lines of the spectra being compared may occur in parts 
of the spectrum not visually comparable so far as regards inten- 
sity), we should say that some kinds of molecules can have 
certain internal vibrations more readily excited than is the case 
with other kinds, From the relationship which exists between 
radiation and absorption, it follows that molecules which have 
the most sensitive radiative organization have likewise the most 
sensitive absorptive organization. 

11. The non-metals are distinguished, as a group, from the 
metals by the greater complexity of their spectra (which more 
resemble the band spectra of compound bodies), and also by 
their comparative insensitiveness to the spectroscope. Many 
of the metals are known to give band spectra at low tempera- 
tures ; but these break up into line spectra at high temperatures. 
On the other hand, the band spectra of many non-metals bear 
temperatures high enough to break up the band spectra of 
metals without being resolved into line spectra. e might 
thus have a mixture of two vapors, one metallic and the other 
non-metallic, at the temperature of incandescence, the former 
giving a line spectrum and the latter a band spectrum. If we 
Imagine the temperature of such a mixture of vapors to be 
raised to the point at which the band spectrum of the non- 


* Pogg. Ann., cxxxix, 628 (1870). 
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metal breaks up, we should get a line spectrum from both ele- 
ments; but the metallic lines would be more intense* than 
those of the non-metal, owing to the greater sensitiveness of the 
metallic molecule. We should thus have realized the condi- 
tions laid down in a former paragraph (7), where A would then 
represent the metallic, and B the non-metallic vapor. 

12. It now remains to show the applicability of the foregoing 
principles to the case under consideration. 

The oxygen and hydrogen of the sun’s atmosphere will, for 
the sake of simplicity, be exclusively considered. These gases 
represent the metallic and non-metallic vapors of the last para- 
graph. The photosphere, reversing layer, and chromosphere 
represent the “ first system” of paragraph 7—i. e. the source of 
white light, with the mixture of two vapors of different specific 
absorptive powers in front. The oxygen and hydrogen of the 
zone of combustion represent the second layer of incandescent 
gases of paragraph 7, supposed to have been placed in front of 
the first system, the total radiation of which is imagined to have 
been weakened by general absorption or by removal to a dis- 
tance. It has been shown in paragraph 8 that the total radia- 
tion of the photosphere has probably undergone a great amount 
of weakening from both these causes. Thus the spectrum of a 
ray which reaches the zone of combustion would exhibit (sup- 
posing the zone of combustion and all exterior to it to be 
stripped off) the lines of oxygen and hydrogen dark, but those 
of the former much fainter than those of the latter. The action 
of the incandescent gases of the zone of combustion upon such 
a spectrum would be to reverse the oxygen lines and to weaken 
those of hydrogen. 

The temperature of the region outside the zone of combustion 
must fall off, so that any oxygen which might there existt would 
be in the state of molecular aggregation corresponding to the 
compound spectrum, and would thus be without action on the 
bright-line spectrum of this gas, but would give rise to the dark 
lines of its compound spectrum. The hydrogen of the region now 
under consideration by further absorption intensifies the lines of 
this gas. Thus the solar spectrum as now known is shown to 
be in complete accordance with the hypothesis here advanced. 

* ‘Tn a tube containing both nitrogen and aqueous vapor, the lines of hydrogen 
(spectrum II order) made their appearance at the same time as the spectrum of 
bands (I order) of nitrogen, whence it follows that the lines of hydrogen are 
visible in a temperature in which the lines of nitrogen do not appear” (Schellen’s 
Spectrum Analysis, p.171). So also Frankland and Lockyer found that in a tube 
containing hydrogen and nitrogen, the lines of the latter gas under certain condi- 
tions of pressure could be made to disappear entirely, while the hydrogen lines 
under all conditions remained visible (Proc. Roy. Soc., xvii, 454). 

+ It may be supposed that the oxygen atmosphere terminates with the zone of 
combustion, in which case Dr. Schuster’s new oxygen spectrum must be produced 


by the absorptive action of the gas in the upper regions of the chromosphere (see 
also note to paragraph 7). 
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The hypothesis of a zone of combustion in the higher regions 
of the sun's atmosphere, as already stated, furnishes suggestions 
for the explanation of many observed facts in solar physics 
hitherto unaccounted for. 

T will first call attention to the intense brilliancy of the line 
D, in the spectrum of the chromosphere, and the extreme 
faintness of the corresponding dark line in the solar spectrum.* 
If we consider to what an enormous height this element ex- 
tends, bearing also in mind that it must consequently reach 
into comparatively cool regions, and that its radiative (and 
therefore absorptive) powers are very great, it seems improbable 
that the vast thickness of this gas which must be traversed by 
aray of light emitted by the photosphere should be barely suffi- 
cient to reverse its spectrum. If the existence of a zone of com- 
bustion be granted, however, this region becomes the source of 
radiation of all gases which extend so far. Thus in the case of 
the D, element, which reaches nearly the same level in the sun’s 
atmosphere as hydrogen, the stratum of gas exterior to the zone 
of combustion is, on the present view, alone concerned in revers- 
ing the line under consideration: and this stratum may be of 
insufficient thickness to produce any marked absorption. The 
“1474” substance, however, which rises far above hydrogen, ap- 
pears to exist In sufficient quantity exterior to the supposed re- 
gion of combustion (or its specific absorptive power is sufficiently 
great) to produce a marked reversal in the solar spectrum.+ 

The hypothesis advanced in the present paper does not 
necessarily imply (at least under existing solar conditions) the 
production and accumulation of large quantities of compound 
bodies in the higher regions of the sun’s atmosphere. The 
zone of combustion may be, so to speak, only a local phenome- 

* This line was seen in July, 1877, by H. C. Russell, at Sydney. The observer 
states that “‘it is a difficult line to see, and only to be made out with high powers.” 
The greatest dispersion of the spectroscope employed was equal to eighteen 64° 
prisms (Month. Not. Roy. Astr. Soc., Nov. 9, 1877, pp. 30-32). 

+ Lockyer has recently shown (Compt. Rend., lxxxvi, 319; Proc. Roy. Soc., 
xxvii, 282) that the blue line of lithium (w.-l. 4603) is represented in the solar 
spectrum, while the red line (w.-l. 6705) has not hitherto been detected. The 
question suggests itself whether the absence of this last line may not also be 
connected with the existence of a region of combustion. The low atomic weight 
of lithium would lead to the belief that this element extends to a great height in 
the solar atmosphere. Thus the zone of combustion might be the source of 
lithium radiation, and at the temperature of the sun the blue line may be the 
longest (as appears probable from the fact that this line requires a high tempera- 
ture for its development); so that the vapor above the region of combustion may 
be sufficient to reverse the blue, but insufficient to reverse the shorter red line. 
I would here ask whether the bright red line so frequently seen in the spectrum of 
the chromosphere by Lockyer (Phil. Trans., 1869, pp. 428 and 429), and described 
as being less refrangible than C, may not be the missing lithium line? I may add 
that a line less refrangible than C has also been frequently seen by Respighi at the 
base of prominences. It is highly significant that during the eclipse of 1868 a 
blue line between F and G was seen by Rayet in the spectrum of a prominence. 
This is the position that would be occupied by the lithium line w.-l. 4603. 
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non confined to a thin shell of the sun’s outer envelopes; and 
compounds formed would be rapidly decomposed both by 
dissociation and chemical reduction by being swept down into 
the underlying hotter regions by the convection currents which 
take place on such an enormous scale in the sun’s atmosphere. 
The heat of the zone of combustion may also contribute to the 
dissociation of compounds formed therein.* 

It is well known to spectroscopists that the solar spectrum 
is never absolutely free from the so-called “telluric” lines, 
which have been shown to owe their existence to the aqueous 
vapor of our atmosphere. It is possible from the present 
point of view that these lines may be partly caused by aqueous 
vapor in the higher regions of the sun’s atmospbere.t Should 
there be any connection between the activity of combustion 
and the formation of sun spots, a rigorous comparison of the 
“telluric” lines in the solar spectrum carefully observed (or 
still better, photographed) at different periods of the spot cycle 
would be of the highest possible interest. Thus it may be 
suggested that the solar combustion varies periodically in ac- 
tivity—combination being in excess of dissociation during one 
half of the cycle, and dissociation being in the excess during 
the other half, when the heat resulting from the combustion, 
having reached its maximum, tends to decompose the com- 
pounds formed. This view points to the belief that the con- 
nection between the sun spot period and the period of variation 
of magnetic declination may be due to a common cause—the 
activity of combustion in the sun’s atmosphere and the result- 
ing variation either in the amount of free oxygen, or in the 
magnetic characters of this gas consequent on variation of tem- 
perature. 

Sir William Thomson’s theory of the dissipation of energy 
leads to the belief that the sun, like other stars, is gradually 
cooling down. Thus we should be led to infer @ priori that 
there must be a period in the life of a star when compounds 
can begin to form. Such combination would begin in the 
outer and cooler portions of the star’s atmosphere, as required 
by the present hypothesis, and would be attended with the 
development of the heat representing the energy of chemical 
separation. As the star goes on cooling down, the zone of 
combustion, at first a mere shell, would gradually encroach 
upon the central regions, and a star baving permanently bright 

* See Bunsen’s experiments on the combustion of different mixtures of CO and 
H with O (Pogg. Ann., cxxxi, 161); also Berthelot On the Chemical Equilibrium 
of C, H and O (Bull. Soc. Chim., [2] xiii, 99). 

+I may here recall the much discussed observation of Secchi, who asserted 
the existence of water vapor in the neighborhood of sun spots (Compt. Rend., 
Ixviii, 238). Janssen also, in 1864, observed aqueous vapor in the atmosphere 


of Antares, and, in 1868, in the atmosphere of many other stars (Compt. Rend., 
Ixviii, p. 1845). 
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lines in its spectrum would result. In the earlier stages of 
what may be called the “chemical period” of a star's history— 
a period into which our sun may be supposed to have entered 
—the lines of the non-metallic elements would alone appear 
bright, for the reasons detailed in the foregoing portions of this 
paper (paragraph 11), and, owing to their comparative faint- 
ness, would be lost at the enormous distances which the light 
of the star has to traverse before reaching our spectroscopes. 
When, however, the region of combustion had encroached suffi- 
ciently to reverse the metallic lines, these would shine out with 
much greater brilliancy than the non-metallic lines, and we 
should have a background of continuous spectrum crossed by 
the bright lines of the metals of smallest vapor density. Such 
stars would only be expected among those which are, so to 
speak, in the latest phase of their “chemical period.” It is 
significant that 7 Cassiopeiz, # Lyre and 7 Argo, three stars 
which show bright lines in their spectra, all have sufficiently 
complex spectra to warrant the belief that they have entered 
_— a late phase of their existence. Before the actual reversal 
of the metallic lines there must exist a period in the life history 
of many stars when the temperature and extent of the zone of 
combustion is such as to obliterate the dark lines of those 
metals which will ultimately appear as bright lines. Such 
appears to be the case with the hydrogen in a@ Orionis; and 
according to the present views it might perhaps be predicted 
that this star will sooner or later show a permanent bydrogen 
spectrum of bright lines. It is conceivable that in certain cases 
the composition of a star’s atmosphere may be such as to per- 
mit a considerable amount of cooling before any combination 
took place among its constituents; under such circumstances a 
sudden catastrophe might mark the period of combination, and 
a star of feeble light would blaze forth suddenly, as occurred 
in 1866 to tr Coronz Borealis. In other cases, again, it is pos- 
sible that the composition of a star’s atmosphere may be of such 
a nature as to lead to a state of periodically unstable chemical 
equilibrium ; that is to say, during a certain period combina- 
tion may be going on with the accompanying evolution of heat, 
till at length dissociation again begins to take place. In this 
manner the phenomena of many variable stars may perhaps be 
accounted for. On the whole, the possibility of actual com- 
bustion taking place in the atmosphere of a slowly cooling star 
previously at a temperature of dissociation does not seem to 
me to have had sufficient weight attached to it; and in con- 
cluding, I would point out the important factor which is thus 
introduced into calculations bearing upon the age of the sun’s 
heat in relation to evolution. 
London, June 6, 1878. 
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ArT. XXXIV.—On the Explosion of the Flouring Mills at 
Minneapolis, Minnesota, May 2, 1878, and the Causes of the 
same; by S. F. PeckHAM. 


As I was sitting at the tea-table on the evening of May 2d, 
I was startled by a noise that sounded as if something as heavy 
as a barrel of flour had been tipped over on the floor above. 
A few seconds later the sound was repeated, and we all ran 
to the door which commanded a full view of the falls and 
manufacturing portion of the city. An immense volume of 
black smoke enveloped the spot where the Washburn A Mill 
had stood, and a perpendicular column of smoke was projected 
into the air above the elevator at least four hundred feet. The 
Humboldt and Diamond Mills were directly behind the eleva- 
tor from the place where I stood. A heavy wind was blowing 
from a point a little to the east of north, a direction from the 
Washburn A Mill toward the elevator and the other two mills. 
In less than two minutes from the time of the first explosion, 
the elevator, which was 108 feet high, was wrapped in flames 
from top to bottom. If the structure had been saturated in oil 
the flames could not have spread much more rapidly. In five 
minutes flame and smoke were pouring from every window in 
the Day & Rollins, Zenith and Galaxy Mills, which were 
between the Washburn A Mill and the river, producing a con- 
flagration which from ordinary causes would not have gained 
such headway in two hours. Six flouring mills, the elevator, 
a machine shop, blacksmith’s shop and planing mill, with a 
number of empty and loaded cars, were in flames in five min- 
utes from the time fire was first observed by any one who 
survived the disaster. 

From my own point of observation, which was about a mile 
distant, but two distinct explosions were heard; others nearer 
heard three, the first not as violent as the other two; while 
those nearer still heard in addition a sound which they de- 
scribed as a succession of sharp hisses, resembling the sound of 
burning gun-powder. Those observers to the windward, whose 
attention was arrested by the light produced, beyond the distance 
of half a mile, heard only one or two reports or failed to hear 
any report at all. From all the testimony in reference to sound 
it appears that the blow upon the air was not sufficiently sudden 
to produce a penetrating sound, but rather a dull, heavy blow, 
which was not communicated laterally to any great distance. 

Burning wheat or flour was smelled for several minutes 
before the explosion by persons in such a position that the 
wind would carry the odor to them. Smoke was also seen 
issuing from what was known as the exhaust flour-dust spout 
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of the Washburn A Mill for several minutes preceding the 
explosion. 

At the instant the explosion occurred all observers agreed 
that the Washburn A Mill was brilliantly illuminated from 
basement to attic. The illumination was reflected from the 
water at and around the falls in such a manner as to remind 
one observer of the effect of a brilliant sunset. Another com- 
pared it to the reflection of sunlight from windows when the 
sun is near the horizon. Still another, who was crossing the 
lower bridge, had his attention called to what appeared to be a 
stream of fire, which as he described it, issued from a basement 
window and went back again. Immediately thereafter each 
floor above the basement became brilliantly illuminated, the 
light appearing simultaneously at all the windows, only an 
appreciable interval of time intervening as the stories ignited 
one after the other. Then the windows burst out, the walls 
cracked between the windows and fell, and the roof was pro- 
jected into the air, followed by an immense volume of smoke 
and flame which ascended to an estimated height of from six 
to eight hundred feet. As the column of smoke was expanded 
and borne off upon the wind, brilliant flashes resembling light- 
ning passed to and fro. 

Two men, so near the Humboldt Mill that they were nearly 
buried by the falling rubbish, and on the opposite side from 
the Washburn A Mill, heard a loud report distinctly while the 
walls of the Humboldt Mill were still standing and at the same 
time were knocked down. Immediately after they saw flames 
issuing from the basement windows of the Humboldt Mill and 
at the same instant, before they could regain their feet, they 
experienced a second shock and miraculously escaped being 
buried beneath the falling walls. 

The enormous and sudden displacement of air which fol- 
lowed the explosion, and the tremendous force which was con- 
sequently exerted laterally, was shown in the condition of the 
round-house of the Chicago, Milwaukee, and St. Paul railroad, 
and the broken windows in all directions. The :ound-house 
was a wooden structure about forty or fifty feet from the Dia- 
mond Mill. The sills were drawn out toward that mill until 
the building burst, letting a part of the roof fall in and leaving 
the sides standing at a sharp angle. Ordinary windows, ana 
those of strong plate-glass on Washington avenue one-fourth 
of a mile distant, were projected into the street. Not only the 
glass but the sash went out bodily, particularly in the lower 
stories of the buildings. Persons on the river at the water's 
edge noticed a displacement of the water producing a wave 
estimated to be eighteen inches high, before they heard the 
report of the explosion. 
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Whole sheets of the corrugated iron with which the elevator 
was covered, measuring eight by two feet but quite thin, were 
picked up on the east side of the river more than two miles 
distant, and pieces of six-inch flooring from two to ten feet long 
were carried to intermediate points. 

An examination of the ruins of the several buildings showed 
that the walls of the Humboldt Mill Jay upon those of the Dia- 
mond Mill, and those of the Diamond Mill upon those of the 
west end of the Washburn A Mill, showing that the buildings 
did not explode simultaneously but successively. The Wash- 
burn A Mill evidently exploded first from fire originating 
within it, and the high wind prevailing at the time carried the 
flame into the adjoining mills to the south and away from the 
mills next the river. There was enough burning middlings 
and flour thrown through the broken windows of the latter 
mills to set them on fire, but they did not explode. Some 
significance may attach to the fact that the three mills that ex- 
ploded were all running with more or less open French mid- 
dlings purifiers, while the three that did not explode had been 
shut down for several days. There is no question but that the 
French purifiers project a great deal more dust into the atmos- 
phere of the mills than those that are enclosed, but I have no 
doubt that in any flouring mill sufficient dust accumulates 
upon beams and machinery to produce an explosive atmos- 
phere if from any cause this dust is scattered into the air and 
flame is communicated to the mixture while the dust is sus- 
pended. 

There was less than a barrel each of lard oil, lubricating oil 
and high-test kerosene in the Washburn A Mill at the time of 
the explosion. 

There is absolutely no proof that any explosive material 
other than is produced in the manufacture of flour from wheat 
was in any one of the buildings destroyed, in the cars around 
them or in the neighborhood. The testimony of mill-wrights 
conclusively showed that fire produced by heated bearings is 
of such extremely rare occurrence in flouring mills as to prac- 
tically exclude such a cause.* No suspicion of incendiarism 
has ever been expressed. 

A slight fire, the effects of which were in no wise serious, 
occurred in the Washburn A Mil] about three months before 
the explosion. It was discovered from the outside of the mill 
that smoke was issuing from a spout or conductor that dis- 
charged the air that was drawn through between the stones. 

* These gentlemen concurred in the statement that the spindle which carries 
the stone had been known to become welded into the socket in which it revolved, 
stopping the stone. When asked if the friction produced a welding heat, one re- 


plied, ‘‘no, no where near it.” It must be an example of perfect metallic contact, 
producing cohesion. 
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The object for which the air is drawn through is to cool the 
stones and to carry off the vapor produced from the wheat by 
the rise of temperature due to friction. In this case the effects 
of fire were traced back from the outside of the building to one 
of the sets of stones on the north side of the mill used for 
grinding middlings. The effects of flame however did not ex- 
tend beyond the blower which produced the exhaust. This 
led to the conclusion that the fire did not enter the dust-house, 
although the smoke must have passed through it. It is sup- 
posed that the fire was caused by friction between the stones, 
they having run dry from one of the causes that may produce 
dry stones. 

In answer to enquiries made of several millers in the Min- 
neapolis mills, I found them uniformly of the opinion that the 
meal or flour as it left the stones had a temperature of about 
100° F. or less. A number of careful experiments, made with 
an ordinary chemical thermometer, showed that the wheat 
enters the stones from the dryers at a temperature of full 
100° F. and that it leaves the stones at 120°-130° F. The 
temperature of the ground middlings as it left the stones 
averaged about ten degrees higher. 

It was also the concurrent testimony of millers and mill 
owners that dry stones are of comparatively frequent occur- 
rence, and that they are practically unavoidable. I am con- 
vinced that in the Washburn A Mill the frequency of danger 
from dry stones was considerably increased in consequence of 
the large number of stones in the mill, and especially from the 
fact that so few men were employed having the immediate 
oversight of the stones. Only two men were employed at the 
same time for the forty-two run of stone, a number inadequate 
for that supervision which so important a matter demands, as 
it is impossible from the large space occupied by so many 
stones and the noise incident to their action, that even with 
the usual signals employed dry stones should be detected as 
soon as they become a source of danger. 

Obstruction of the feed from any one of a number of acci- 
dental causes will produce dry stones. The danger arises from 
the friction of the stones heating the last portion of the grist 
that remains between the stones to a temperature sufficient 
to char it, or convert it into a substance resembling tinder, 
which would readily ignite from a spark produced by the 
stones striking together. Another source of danger arises from 
nails or gravel passing between the stones with the grist and 
increasing the friction, producing either a rise of temperature 
or a train of sparks; perhaps both. 

I am aware that numerous instances of dry stones can be 
cited that have proved perfectly harmless. An instance is on 
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record in which a run of stone ground each other all night 
with no other result than the complete removal of the grooves 
which gave the stones a cutting face. On the other hand, 
cases have occurred in which the grooves became filled with 
charred wheat of a dark-brown color, packed into them so 
solidly as to require a mill-pick for its removal. It requires 
no argument to show that this tinder thus formed, would be- 
come ignited from a train of — that would inevitably 
follow contact of the stones as the grist became compacted or 
completely removed from between them. It was ae by 
experiment* that masses of flour that had become heated and 
charred, ignited readily and smouldered, but were inflamed 
with considerable difficulty; but it should be borne in mind 
that a number of sets of these stones are connected with a com- 
mon spout or conductor, through which a strong current of air 
is being continually drawn and which is filled with a dense 
cloud of very fine particles of starch (chiefly) heated to a 
maximum temperature of 140° F. Experiment also proved 
that the proper mixture of flour-dust and air would not burn 
pon ral except when brought in contact with flame. 
White-hot wires and glowing charcoal only burned the parti- 
cles in contact with them. But it was found that burning pel- 
lets of charred wheat and flour would ignite wood which a 
strong draft of air readily fanned into a blaze. Under the con- 
ditions previously stated with a draft of air passing through 
the dry stones strong enough to convey the pellets of smoul- 
dering tinder into the common wooden conductor an explosion 
becomes possible. 

It is urged that these conductors are damp from condensed 
moisture, and also that a large amount of moisture escapes 
from the wheat and is conveyed away by the current of air. 
This loss is no doubt correctly estimated at from five to six 
per cent. It is, however, chiefly during the first grinding of 
the raw wheat that this loss is experienced. The middlings is 
dryer, is ground at a higher temperature and is ground finer, 
producing more dust. The higher temperature renders the 
material more inflammable and at the same time ensures a more 
complete solution of the vapor in the current of air. More- 
over, the first fire in the Washburn A Mill was traced directl 
to a set of stones which ground nothing but middlings, and all 
that is known concerning the origin of the fire that produced 
the explosion confirms the supposition that that fire originated 
in a set of stones on the opposite side of the mill. which was 
one of six sets, all of which were used exclusively for grinding 
middlings, discharging into a common spout or conductor 
which communicated directly with a dust-house in which the 


* Experiments made by Professor L. W. Peck before the coroner’s jury. 
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dust settled to the amount of several hundred pounds a day. 
An explosion in this conductor, communicating flame to the 
dust-house, would scarcely fail to cause the successive explo- 
sions of the dust-house and the different stories of the mill, the 
shock of the first explosion being sufficient to throw the dust 
of the mill into the air. 

The opinion expressed by one of the witnesses at the inquest, 
“that stones are liable to run dry at any time by accident,” 
and that ‘‘dry stones can hardly be avoided by any amount of 
foresight,” appears to be generally entertained by millwrights, 
millers and mill owners. Let it be granted that all experience 
shows that ninety-nine per cent of dry stones injures nothing but 
the stones themselves, the one per cent of residue is burthened 
with fearful possibilities. If dry stones cannot be prevented in 
small mills where one miller has charge of perhaps six run of 
stone, the danger is more than proportionally increased in a 
mill where one man has charge of twenty run, both with refer- 
ence to prevention and detection. The problem therefore for 
the consideration of parties immediately interested is, how to 
prevent or detect dry stones, particularly those used for grind- 
ing middlings. This practical problem appears to be funda- 
mental and’ one compared with which all others are without 
much importance. It is true that but few millers are without 
their experience of minor explosions or flashes resulting from 
careless use of lanterns or open lights. Indeed, I have been 
profoundly impressed with the generally innocent reputation 
of flouring mills when considered in the light of the immense 
number of accidents well-known to millers and insurance 
companies ; a uumber surprisingly large if confined to those 
occurring in the States of Minnesota and Wisconsin within a 
few years past. The remedy in such cases is so obvious that 
the most ordinary care and intelligence is sufficient. 

University of Minnesota, Minneapolis, June 30, 1878. 


ArT. XXXV.—On Barcenite, a new Antimonate, from Huitzuco, 
Mexico; by J. W. MALLET. 


AMONG some Mexican ores given me by my friend, Sefior 
Mariano Barcena, one of the Foreign Commissioners to the 
Philadelphia Exhibition of 1876, and now Director of the Cen- 
tral Meteorological Observatory of the City of Mexico, there 
were several specimens of a heavy, nearly black mineral, which 
accompanies Livingstonite* at Huitzuco in the State of Guer- 

* Sulphide of antimony, mercury and iron; described by Badrcena himself 


(Naturaleza, 1874 and 1875, pp. 35 and 172). Sulphur, cinnabar, stibnite and 
valentinite are said to be found at the same locality. 
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rero. This turns out on examination to be an antimonate of 
hitherto undescribed character, mixed with finely divided mer- 
euric sulphide and antimonie acid. 

The specimens given me, one or two of which originally 
weighed more than half a kilogram each, while I saw in Sefior 
Barcena’s possession much larger masses, were for the most 
part of columnar structure, with long, blade-like prisms of im- 
perfect development. They have the general aspect of those of 
stibnite and Livingstonite, from the latter of which species this 
has probably been formed by oxidation. In some parts the 
structure was finely granular or quite compact, with occasional 
honeycombing by little cavities and pores. Indications of 
cleavage were observable parallel to one prismatic face, but 
this was in all probability due merely to the pseuadomorphous 
structure of the material. Brittle. Fracture tolerably even. 
Hardness = 5%. Specific gravity of the mineral in powder, 
previously boiled with water to remove air, = 5343 at 20° C.; 
lumps gave notably lower results, owing to porosity. Luster 
dull, earthy, on some surfaces inclining to resinous or pitch-like. 
Opaque. Color very dark gray, nearly black. Streak ash-gray, 
with a slight greenish tint. Faces of the pseudomorphous crys- 
tals sometimes coated with red pulverulent cinnabar, and some- 
times with yellowish white antimony ocher. 

Heated alone before the outer blowpipe flame, the mineral 
decrepitates slightly, turns white or nearly so, and becomes 
rounded with some difficulty on the edges, giving off a little 
white fume; in the reducing flame the fume becomes more 
abundant from reduction of metallic antimony, followed by 
volatilization and burning in the outer edge of the flame, which 
is colored greenish-blue. A fragment heated in a closed glass 
tube gives off water, metallic mercury, black mercuric sulphide, 
and a very little oxide of antimony; in a tube open at both 
ends the whole of the mercury is deposited in the metallic state, 
the sulphur being burned off, and in a good draught of air 
through the tube more oxide of antimony is carried along and 
deposited. A well marked white antimonial sublimate is pro- 
duced by heating on charcoal, and if sodium carbonate be added 
the antimony is easily reduced to little metallic beads. The 
mineral in powder is largely dissolved, in the oxidizing flame, 
by borax or microcosmic salt to a clear, colorless glass, which 
becomes turbid in the reducing flame. 

The mineral, even when finely pulverized, is insoluble in hy- 
drochlorie or nitric acid, though this be concentrated and at the 
boiling temperature. Very slightly acted on by boiling solu- 
tion of ammonium sulphide. On boiling with a strong solution 
of sodium hydrate, filtering, acidulating, and passing in hydro- 
sulphuric acid, an orange precipitate is obtained 1n no great 
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quantity. Hydrogen passed over the powder at a red heat 
easily reduces metallic antimony, which can then be attacked 
by acids. 

*The quantitative analysis was made by Mr. J. R. Santos, of 
Guayaquil, Ecuador, using carefully selected specimens, free 
from visible impurity, and repeating several of the principal 
determinations. 


He obtained— 
Atomic ratios. 


Sulphur... .... 
Mercury 
Calcium 
Antimony 
Oxygen (by difference) 
constitutional .... 3°50 
Water 
lost below 130° C.+ 1:23 
Silica 


The sulphur was pretty well ascertained to exist altogether 
in combination with mercury, since by gentle heating until this 
metal was all driven off the white residue was found to contain 
but an unweighable trace of sulphur; moreover the ore in the 
finest powder was scarcely acted on by ammonium sulphide, 
and the partial solution obtained with caustic soda gave no 
orange precipitate of sulphide of antimony on addition of an 
acid until hydrosulphuric acid gas had been used. Deducting 
then the whole of the sulphur and an equivalent amount of 
mercury (for mercuric sulphide) from the above, the remaining 


figures represent— 
Atomic ratios. 


= aad 1 
6°3 
6°8 
* Using the atomic weight 120 for antimony, the correctness of which has been 


rendered most probable by the recent research of Professor J. P. Cooke.—This 


Journal, February, 1878, p. 123. 
+ There was scarcely any appreciable loss of water (which was of course deter- 


mined directly) from this temperature or less up to more than 200° C. 


. 2°82 088 
. 20°75 "104 
3°88 097 
50°11 “418* 
17°61 1101 
4°73 
10 
100° 
corresponding to 
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with 


Hence the mineral is apparently a mixture of mercuric sulphide, 
antimonic acid (Fremy’s—Sb,0,.5H,O,* or H,Sb,0,.3H,0), 
and an antimonate of calcium, mercury, and triad antimony 
of the formula oO. i . (Sb,05);, corresponding to a normal 
antimonate—M,0 . Sb,O, or M’SbOs. 

It differs noticeably from all the natural antimonates hitherto 
described, in that these are strongly basic, while the mineral 
now described contains a surplus of the eiectronegative anti- 
mony as antimonic acid over and above the amvuunt necessary 
to form a normal antimonate with the electropositive metals 

resent. Calculating on the basis of the atomic weight of 
= 120, monimolite agrees very fairly with the formula 
(R’’O),. Sb,05, or Ry’Sb,0,; Romeite comes nearest to (R’’O),. 
(Sb,Os)5 . (SbzO5)2, or (Dana makes this (R’’O),. 
Sb,0,. Sb,0;; ammiolite of Domeyko agrees best with (CuO),. 
Sb,05, or CugSb,0,, while Rivot’s analysis of a similar mineral 


from Chili comes fairly near (CuO). ie (Sb,Os)3,_ or 


Cu,Sb,’’SbyO,, (which may perhaps mean (CuQ),. Sb,O,. 
Sb,0;, corresponding to Dana’s formula for Romeite); while in . 
Bindheimite the atomic ratio of PbO: Sb,0,; derived from the 
analyses recorded, ranges from 1}: 1 to 22:1, even assuming 
that we have here a hydrous salt instead of a mixture of anti- 
monic acid with one of more strongly basic character. 

I propose to name this mineral Barcenite (accented on the 
first syllable) in remembrance of the worthy Mexican gentleman 
from whom I received it; his scientific work and zeal for sci- 
entific progress are honorable to himself and to his country. 

University of Virginia, August 13, 1878. 

* Volgerite was described as a natural antimony ocher having this composition. 
Dana remarks (Mineralogy, p. 188), that the only published analysis, by Cumenge, 


on material from Constantine, Algeria, corresponds to Sb.0,.4H.O. By my cal- 
culation Cumenge’s figures lead rather to Sb.0,. 3H,0, or Sb.0; . Sb.0; . 6H20. 


or 
|| 
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ART. XXXVI.--On the Intra Mercurial Planets ; by Professor 
J.C. Watson ; from letters to the editors, dated Ann Arbor, 
Sept. 3d, 5th and 17th, 1878. 


Ann ARBOR, Sept. 3, 1878. 

THE places of the two objects observed by me during the 
total eclipse of July 29, as communicated in my letter of Aug. 
13, were derived from hurried readings of the circles made 
immediately after my return from the eclipse expedition, in 
order to be able to answer numerous inquiries addressed to me 
for more precise information in regard to the observations than 
had been published in the newspapers. I have since made a 
more careful determination. 

When I came to examine the adjustment of the hour circle 
to be read upon the reading circle, I noticed that there was a 
very considerable error of eccentricity, which was shown upon 
revolving the alidade. Having attended to the adjustment for 
parallelism of the two circles, I did not attempt to change the 
eccentricity error, since there would be an error of this kind 
to be determined in changing the hour circle from the instru- 
ment to the reading circle, and since the corrections to be 
applied on account of the eccentricity can be determined from 
the four pointings on the sun. I have made ten readings upon 
each mark, backward and forward, so that each reading is an 
independent determination, and the results derived from the 
mean of these readings are shown by the following: 

Chronometer Times. Washington Object 

By Newcomb’s. By Watson’s. Mean Time. Observed. Circle Reading. 
45 32m 508 5h ym 318 165° 31'°6 +0'°7 

10" 29™ 158 16 37 161 16 4+ 0°4 

19 30 24 46 156 75 +0 
4 10 51 161 383 
5 50 31 +S 159 70 +03 
5 55 36 148 21°77 4+0°7 

By comparing the mean of the second and third readings 
upon the sun with the two extreme readings, I have obtained 
the following expression for the correction for eccentricity : 

R, =R+103':7 sin (R+63°°2). 
and hence we derive: 
Washington M. T. Object observed. Corrected reading. 
7™ 31° 13'°7 
16 49°3 
17 1°8 
22 25°2 
32 57°2 


14 27°4 
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These give the following differences in right ascension between 
(a) and (0) and the sun: 

Aa Aa 


from 
—8™ 31°65 — 26™ 32°65 
== —8 37°6 38°2 


—8 25°6 —26 26°6 
—8 315 —26 
and using the differences of declination as already given, we 
obtain the following results: . 
Washington M. T. Object. Planet— © Apparent. 
Aa Ad a 
hm 58. & h. m. 8. 
1878, July 29. 6 16 37 (a) — 8 32 —0°22 8 27 24 +18° 16 
“99, 5 17 46 (b+) —2632 —0 35 8 9 24 +18 3 
As already stated in my letter of Aug. 13, there is no un- 
certainty in the place of (a) he the unavoidable instru- 
mental error, which is very small. I saw both it and @ Caneri, 
and it was fully a magnitude brighter than the.latter. In re- 
gard to (0) it is possible but not probable that the pointing of the 
instrument may have been disturbed by the wind. I marked 
the position on the hour circle first, and but a moment was 
occupied in passing from the eye piece to the hour circle. I 
believe that this observation can be relied upon as giving the 
place of a second intra-mercurial planet. 


ANN ARBOR, Sept. 5, 1878. 

In Professor Young’s note upon the recent eclipse published 
in this Journal, p. 242, he states, in speaking of the discovery 
of Vulcan, that Professors Newcomb, Wheeler, Holden and 
others went over the same ground and found nothing, and the 
inference is made that they obtained negative evidence of some 
value to dispute the discovery announced. As to the nature 
of this negative evidence Professor Young is under a mistaken 

happened to be observing near Professor Newcomb and I 
was informed by him, at the close of the totality of the eclipse, 
that he had searched north of the sun. Hence he could not 
see the objects which I observed. 

I have seen Professor Holden since his observations were 
made and he told me that he had been misled in his prepara- 
tions by having had the idea from the statements of others, 
who had observed total eclipses, that the illumination of the 
sky would be very much less than it really was, so that he had 
observed with optical power insufficient for a search under 
these circumstances. He used a hand comet-seeker of two and 
a half inches aperture, with a field of five and a half degrees, 
and he swept twice over a space thirty degrees in length and 

Am. Jour. Vou. XVI, No. 94.—Ocrt., 1878. 
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ten degrees in breadth. He did not see any stars until he 
swept out to Mars and Regulus. 

Professor Hall told me that he had searched north of the 
sun, but that his assistant Mr. Wheeler had searched south. 
He said, however, that they had been compelled to use a very 
high magnifying power. Any one who has tried to find so 
bright an object as Jupiter by attempting to direct the tele- 
scope, with a high power, without using the finder, will know 
how uncertain a search would be under the circumstances 
named. 

As to what was done by other observers I have no direct 
information. Mr. Swift’s account of his work, as published in 
the New York Tribune, furnishes important corroborative evi- 
dence. But the records of my circles cannot be impeached by 
all the negative evidence in the world. There are no known 
stars in the places which they give, and hence I cannot be mis- 
taken as to the identity of the objects which I observed. 

While referring to the subject of negative evidence, I might 
as well state here what my own observations give in this respect. 
Between the limits: Right ascension 85 5™ to 95 5™, and declin- 
ation +17° 30’ to +19°, I swept once forward and once back- 
ward, carefully, and I felt certain that the only objects besides 
known siars, down to the seventh magnitude inclusive, were 
the two whose positions I recorded on my circles. I conducted 
the search expeditiously, but with great care, keeping the mo- 


tion of the telescope uniform; and if I were to repeat the 
observations I would not vary the method which I adopted nor 
undertake to examine a region of greater extent in the same 
period of time. I cannot conceive of asurer method of record- 
ing the position of an object observed, under the circumstances 
of these observations, without danger of mistake. 


Ann ARBorR, Sept. 17, 1878. 


Since the letters of Sept. 8d and 5th were written, I have 
received information from Professor Newcomb, Commander 
Sampson, U.S.N., and Lieutenant Bowman, U.S.N., who were 
observing near me, that goes to show that it is highly improb- 
able that there could have been any disturbance of the pointing 
of my instrument on (0), which, for the reasons stated in my 
letter of August 13, was not verified, in this instance, after the 
circles had been marked, and which fact it was proper to men- 
tion in order that every circumstance connected with these 
observations might be known to astronomers. My telescope 
was more completely sheltered than any of the others at the 
same station, and all three of these observers state that there 
was no disturbance of their instruments at the time when these 
observations were made. I find, too, that the direction of the 
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wind was such that its force, whatever it might have been, was 
directed almost wholly upon the motion in declination, which 
was securely clamped. And besides, I have made experiments 
with the telescope used in the observations, clamped the same 
as it was then, and I find that it would require a much greater 
force than if it had been fully exposed to the wind to change 
the pointing in the least degree sensible. 

I have also lately examined (Sept. 15), with the same tele- 
scope and magnifying power used in the eclipse observations, 
the stars in this part of Cancer, with the moon in the western 
sky and the bright twilight in the east, so as to obtain as nearly 
as possible the conditions of sky-illumination which existed at 
the time of the eclipse. I have a very distinct recollection 
in respect to the brilliancy of the stars which I saw, and by 
observing when the approaching daylight had reduced the 
light of certain stars which were east of the sun at the time of 
the total eclipse, so as to be just visible in the telescope as they 
were then, I have been enabled to form a still more definite 
opinion of the relative brilliancy of @ Cancri, the two new 
objects which I observed, and ¢ Cancri. The fainter of the 
two planets, that near @ Cancri, was certainly brighter than 
¢ Cancri, and much more than a magnitude brighter than its 
neighboring star. 


ArT. XXXVII.—Letter from Mr. Lewis Swift, relating to the 
discovery of Intra-Mercurial Planets. (Communicated to this 
Journal by Admiral JoHN RopGeErs, United States Naval 
Observatory, Washington, D. C.) 


RocuHEstTER, N. Y., Aug. 5th, 1878. 

BEFORE preparing a report of my observations of the total 
eclipse of July 29th, as observed at Denver, I hasten to lay 
before you the facts in detail of my supposed discovery of an 
intra-Mercurial planet. 

Having a comet eye-piece which far surpasses all others that 
have ever come under my notice, I, before leaving home, 
decided to devote two minutes of totality to searching for the 
hypothetical Vulcan. It gives, with my four and a half achro- 
matic, a power of twenty-five, and has a field of 1° 30’, flat 
and sharp to the edge. About one minute after totality I 
observed two stars by estimation 3° southwest of the sun, 
pointing toward the sun, of about the fifth magnitude, or what 
I estimated at the time, as bright through the telescope as 
Polaris is to the naked eye. How much allowance ought to 
be made in estimating magnitudes so close to a totally eclipsed 


{ 
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sun, I do not know. I saw them three times, and attempted, 
at the last moment, to get another observation, but at the crit- 
ical moment, a little cloud passed over the sun, and I hastened 
to observe again the sun for the third contact and attending 
phenomena. At each of the observations, by careful compari- 
son, they appeared exactly of the same magnitude, and both as 
red as Mars. I looked closely for twinkling, but they were as 
free from it as the planet Saturn. They both, at the time, 
seemed to my eye and mind to have a small round disk about 
like the planet Uranus. Whether the disks were imaginary or 
real, I cannot tell, but every time I saw them (the stars) the 
disks attracted my attention. Immediately after totality I 
recorded the following in my note-book. “Saw two stars 
about 3° southwest of sun, apparently of the fifth magnitude, 
some 12’ apart, pointing toward the sun. Both red.” 

Last evening I experimented with my telescope with the 
same aperture and eyepiece, to verify or to change my estimate 
as to distance apart, and I find that they appeared a little 
farther apart than half the distance between Mizar and Alcor, 
or, say, about 7’ instead of 10’ or 12’ as estimated at the time. 
Though at the time I estimated the direction of the stars as 
southwest of the sun, I am inclined by reflection to change it 
to south of west. 

One of the stars may have been Theta Cancri, and yet there 
are several chances against a planet being exactly of the same 
magnitude, color and appearance, as a star; and it appears to 
me that Theta is most too far north. I would not be surprised, 
if the truth were known, if both were planets. 

Prof. Watson, who claims to have seen a new star 24° south- 
west of the sun and of the 45 magnitude, may, when he pub- 
lishes his observations, throw a little light on the subject. 
Should he have seen the same, of course the priority of discov- 
ery belongs to him by about two minutes. That one or both 
are intra-Mercurial planets, I have no doubt whatever. 

It may not be out of place here to say that I was led to the 
discovery by an accident, the result of carelessness. A strong 
and fitful breeze was blowing from the southeast which shook 
my telescope, the equatorial mounting being not very substan- 
tial, part of it having been made after reaching Denver. To 
prevent this shaking, I laid a pole about ten feet in length 
across the tube near the eye-end, the other resting on the 
ground to the west of the telescope. Then, for fear it would 
fall against my head, I tied it to the tube with a string. As I 
followed the sun, the pole would easily drag along the ground. 
I intended to remove the pole at the commencement of totality, 
but in the excitement I forgot it. When I began to sweep 
along the ecliptic for Vulcan, I found to my horror, that if I 
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attempted to move the telescope to the east of the sun, the 
lower end, by plunging into the ground, would prevent me, 
and I was therefore compelled to devote all my time to the 
region west of the sun, which accounts for my getting so many 
views of the objects. From this cause, also, the sweeps were 
very irregular. 

I wish astronomers with large instruments would make the 
attempt to observe Theta Cancri, before the sun withdraws too 
far, and if successful then the objects seen by me, we need not 
despair of their being again observed at some future time with- 
out a total eclipse or even in transit. 

Let the experiment of detecting a star of the 4 or 5 mag- 
nitude, and from 2° to 6° from the sun, at a large or annular 
eclipse, be tried. The result may be to settle this question, and 
remove all doubt. Respectfully yours, 

LEWIs SWIFT. 


Rear Admiral Jonn RODGERS, 
Superintendent United States Naval Observatory, Washington, D. C. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysICcs. 


1, On the Determination of high Melting and Boiling Points.— 
CaRNELLEY has improved and extended the method for determin- 
ing high melting points which he proposed in 1876. The method 
is the usual one for specific heat, the temperature being calculated 
from the ordinary formula. Two sources of error have now been 
detected and corrected : one, the excess of heat coming from the 
suspending wire of the crucible which proved to be large enough 
to influence the result; and the other, a false water equivalent 
for the calorimeter. The former error was eliminated by using a 
finer suspending wire; the latter, by calculating the true value 
from the formula MS(T—#)=(W-+ w) (6—¢), in which M the 
weight of the crucible, S the specific heat of platinum, T the 
melting point of a salt as determined by a thermometer, ¢ the 
initial, 6 the final temperature, W the weight of water and w the 
water value of the calorimeter, are all known but the last, several 
salts whose melting points were accurately known being used in 
the experiments. In this way 9°8 was fixed as the calorimeter 
constant. The values obtained after making these corrections, 
gave melting points entirely trustworthy. The numbers repre- 
senting these are given in a table, varying from boric acid 
B(OH), 186°, to sodium sulphate Na,SO, 861°, and including 
about a hundred salts. 

In connection with Wiii1aMs, Carnelley has applied the above 
results to the determination of high bviling points. Fragments 
of salts whose melting points are known are placed in the vapor 
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and examined to see if they melt. Various devices are employed 
in applying the method, which are described in the paper. In 
the case of HgCl, for example, NaClO, melts in its vapor while 
NaNO, does not; hence its boiling point is between 302° and 
316°. Observation with a thermometer gives it as 303°. Anthra- 
cene vapor fuses KNO, but not KCIO,, hence its boiling point 
is between 339° and 359°. Thallous iodide TII, boiling, melts 
NaCl and Pb(PO,), but not PbP,O, or Na,CO,; its boiling point 
is therefore between 800° and 806°. The authors hope shortly to 
be able to fix the boiling points of K, Na, Mg, TI, etc., in this 
way.—Jour. Chem. Soc., xxxiii, 273, 281, July, 1878. GF. B. 
2. On the Vapor Density of Thallous chloride and Lead 
chloride.—Roscoer has simplified Deville and Troost’s method of 
vapor density, desiring only to give it sufficient accuracy to fix 
molecular weights. A long-necked porcelain globe, of about 
300 ¢.c. capacity, containing from 3 to 9 grams of the substance 
to be examined, is loosely closed with a stopper of burned clay and 
laced in a muffle until no more vapors escape and the temperature 
is constant. The globe is then removed, allowed to cool and the 
amount of substance it contains ig determined by analysis. The 
temperature of the muffle is fixed calorimetrically by placing in 
it at the same time a weight of platinum of known value. It 
may be checked by the use of a second balloon containing mer- 
cury. In five consecutive experiments with mercury, the tem- 
peratures being 1019°, 894°, 815°, 972° and 1047°, the vapor- 
density of mercury vapor was found to be 6°92, 6°75, 6°91, 5°77, 
and 7°05; or 6°68 as a mean. In the case of thallous chloride 
seven experiments, at temperatures of 859°, 828°, 1015°, 849°, 
1026°, 852° and 837°, gave 8°15, 8°28, 8°06, 7°48, 8°75, 8°60 and 
7°84 as the density of its vapor. The calculated value, assuming 
the molecular weight to be 238°07 and the formula TIC, is 8°49. 
The vapor density of lead chloride determined in this way, requir- 
ing however a higher temperature, was 9°12, 9°72, 9°51 and 9°64, 
at 1046°, 1089°, 1077° and 1070° respectively, the theoretical value 
for PbCl, with a molecular weight of 277°14, being 9°62.— Ber. 
Berl. Chem. Ges., xi, 1196, June, 1878. G. F. B 
3. On the Action of Steam on ignited Charcoal.—Lone has 
made a series of experiments under the direction of Lothar Meyer, 
to ascertain whether the carbon dioxide produced by the action 
of steam on ignited wood charcoal stands in any fixed relation to 
the carbonous oxide. The charcoal was purified by treatment 
with boiling nitric and hydrochloric acids, and thorough washing, 
a porcelain tube 60 cm. long was filled with it, placed in a furnace, 
heated to redness and steam driven through it, the gas evolved 
being collected over water, and analyzed by Bunsen’s method. 
In the first series of experiments, the results were not uniform for 
successive portions of gas, the CO, increasing and the CO dimin- 
ishing. Moreover, two volumes of kydrogen should appear for 
every volume of CO, and one for each volume of CO; but this 
was not the case, the hydrogen being always too low. These 
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results being confirmed by a second series of experiments, the 
author made direct tests to see if this error was due to an actual 
loss of hydrogen or to an introduction from without of carbon 
dioxide. On filling the tube with charcoal, displacing the air 
with hydrogen, closing one end, attaching a potash apparatus to 
the other and heating, 250 c. c. of CO, were collected in two 
hours. Hence the discrepancy in the analyses arises from absorbed 
gases in the charcoal, either CO, directly or free oxygen, and 
diminishes as the operation continues. Making allowance for this 
excess, no simple relation appears between the two oxides of car- 
bon. The amount of carbonous oxide formed, however, appears 
to be determined by the amount of charcoal present, diminishing 
steadily as this lessens. This can only be explained by supposing 
that the first action of the steam upon the coal is to produce car- 
bon dioxide, and that this, by the further action of the coal, 
is reduced in part to carbonous oxide, in precise analogy with the 
ordinary action of oxygen upon carbon. If the carbonous oxide 
be in contact with an excess of steam, a reduction of the steam 
takes place. CO+H,O=CO,+H,. In practice, probably all 
three of these reactions go on simultaneously, the relative quanti- 
ties of steam and charcoal determining the proportion of the 
gaseous constituents.—Licbig’s Ann., excii, 288, June, 1878. 
G. F. B. 

4. On the Reduction-product of Gum Elemi by Zine-dust.— 
Cramician has continued his reduction experiments with the gum- 
resins and has now submitted gum elemi to the action of zinc- 
dust. Commercial gum elemi was treated first with cold alcohol, 
and the residue of this operation was recrystallized from hot alco- 
hol, and obtained in long needles in wavellite-like groups. The 
reduction was effected as in the case of abietic acid, the vapors 
being passed over ignited zinc dust. From 800 grams of the 
crystallized gum 300 ¢.c. of a brown oil, lighter than water, was 
obtained. Distillation in steam gave a volatile portion (A) and a 
tarry portion (B). The former, after boiling with sodium, was 
fractionated. Two products resulted, one boiling at 111° and 
easily recognized as toluene; the other boiling at 158°-160°, a 
colorless oil of peculiar aromatic odor, was evidently ethylmethy]l- 
benzene. The first gave benzoic acid on oxidation, the latter a 
mixture of isophthalic and terephthalic acids. Hence both para- 
and meta-cthylmethylbenzene were present in this latter fraction. 
Portion B afforded after treatment, a colorless liquid, boiling 
between 250° and 252°, having an aromatic odor resembling that 
of naphthalene, and a specific gravity near that of water. Analy- 
sis and its oxidation products fixed it as ethylnapthalene. Hence 
toluene, meta-ethylmethylbenzene, para-ethylmethylbenzene, and 
ethyl-naphthalene are the products of the reduction of gum elemi 
by zinc dust.—Ber. Berl. Chem. Ges., xi, 1344, July, 1878. 

G. F. 

5. On the Constitution of Starch—Muscctus and GRUBER 

have made further experiments in support of the view advanced 


| 
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by the former of these chemists, that the saccharification of 
starch by diastase or dilute acids, should be considered a splitting 
into a dextrin and sugar simultaneously. They now find that the 
action of the above agents on starch produces: 1st, soluble 
starch, soluble in water at 50°-60°, colored wine-red by iodine 
when in solution, blue when dry, rotatory power [a]=+218, 
reducing power =6; 2d, erythrodextrin, soluble in cold water, 
colored red by iodine, both in solution and solid, easily attacked 
by diastase; 3d, achroédextrin a, not colored by iodine, rotatory 
power [a]=+210, reducing power =12, partially saccharifiable 
by diastase; 4th, achroddextrin rotatory power [a]=+190, 
reducing power =12, unacted on by diastase in 24 hours ; 5th, 
achroédextrin y, rotatory power [a]=-+150, reducing power =28, 
unattackable by diastase, converted into glucose by sulphuric acid 
only after long boiling; 6th, maltose, formula C,,H,,0, ,.H,O, 
rotatory power [a]=+150, reducing power =66, unacted on by 
diastase, but fermentable; 7th, glucose, C,H,,O,.H,O, rotatory 
power [a] = + 57, reducing power =10C, fermentable. The 
authors hence consider starch as (C,,H,,0,,),, in which the 
exact value of n, which cannot be less than five or six, is yet to 
be determined. Under the influence of ferments or of dilute acids, 
it undergoes a series of hydrations and successive splittings, 
forming at each, maltose and a new dextrin having a less molecu- 
lar weight. The value of m becomes less and less until the y 
form of achroédextrin is reached, which is transformed by simple 
hydration directly into maltose, which again splits into glucose.— 
Bull. Soc. Chim., Tl, xxx, 54, July, 1878. G. F. B. 

6. Synthesis of Indigo-blue.—Early in the present year, BAEYER 
showed that oxindol was identical with orthoamidophenylacetic 

acid, and hence had the formula C,H, at In order to pro- 
duce isatin synthetically from this, it is only necessary to reverse 
the process by which oxindol is produced from isatin; ¢.¢@., to con- 
vert the CH, group in the above formula into CO. This the 
author has now succeeded in doing, not by direct but by indirect 

oxidation. From nitrosodxindol C,H, — 0) wd which con- 


tains the “yy group in the right position, amidoéxindol C,H, 


CH (NH,) C 

NH-—-——— 
tion with ferric or cupric chloride or even with nitrous acid, isatin 
CH} a is produced. The reduction of this to indigo-blue, 
effected long since by the author in conjunction with Emmerling, 
by the action of phosphorous chloride, acetyl chloride and phos- 
phorus, he now finds to take place in two stages. In the first, 
produced by the action of phosphoric chloride upon isatin, an 
imidchloride of isatin results, C,H, goal This, by reduction 


with phosphorus, zinc dust, or preferably with ammonium sul- 


| is produced by reduction, and from this by oxida- 
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phide, gives flocks of indigo blue—Ber. Berl. Chem. Ges., xi, 
1228, 1296, June, July, 1878. G. F. B. 

7. On Anthrarufin, a third Dioxyanthraquinone.—Scuunck and 
RorMER have shown that when concentrated sulphuric acid acts 
on metaoxybenzoic acid, two products are formed, the one soluble, 
the other insoluble in water. From the latter two other substances 
may be derived, the one soluble in barium hydrate, the other in- 
soluble therein. The former of these bodies consists, as the 
authors have already shown, of two dioxyanthraquinones, anthra- 
flavic acid and metabenzdioxyanthraquinone. They now show 
that the substance insoluble in barium hydrate contains a third 
dioxyanthraquinone, to which they give the name anthrarufin. 
The product of the reaction of sulphuric and oxybenzoic acids is 
thoroughly extracted with water and barium hydrate. A brown- 
ish-black powder results from which the new isomer of alizarin 
may be prepared by taking advantage of its volatility. Placing 
the powder between two watch glasses, and heating these to 120°- 
130°, an orange-yellow sublimate is obtained in needles. Recrys- 
tallization from glacial acetic acid gives it pure. Anthrarufin 
fuses at 280°, is difficultly soluble in alcohol with a yellow color, 
crystallizes in yellow quadratic iridescent tables, and is soluble in 
concentrated sulphuric acid, the solution being cherry red in 
transmitted and kermes red in reflected light. Dilute solutions 
show two sharp absorption spectral bands, and a third weaker. 
One part in ten million of sulphuric acid shows a carmine red 
color in a layer an inch thick, minute quantities of nitric acid 
change the color to an intense yellow. Potassium hydrate dissolves 
it to an olive-yellow color. Insoluble in sodium carbonate, and 
yields a green fluorescent reduction product. Gives with acetic 
oxide a diacetyl] derivative in yellow needles, fusing at 245°.— 
Ber. Berl. Chem. Ges., xi, 1176, June, 1878. G. F. B. 

8. On a Fluorescein-carbonic acid.—The remarkable bodies 
discovered by Baeyer, the phthaleins of the phenols, have their 
origin in the great facility with which phthalic acid becomes an 
anhydride, and hence combines easily with hydroxylbenzenes. 
ScuREDER has sought to ascertain whether acids with neighboring 
carboxyls, such as trimellitic acid, which has the position 1:2: 3, 
would not act similarly, retaining however, the carboxyl group. 
For this purpose, a quantity ot trimellitic acid was heated to 200° 
with resorcin, and yielded a substance resembling fluorescein, but 
containing a carboxyl group; to which consequently the author 
gives the name fluorescein-carbonic acid. It has the formula 

CO—.—O,H,{OH 
C,H, CO—-—O,H,/O 
COOH {OH 
and appears as a light ochre-yellow powder, scarcely soluble in 
water but soluble in alcohol, ether and benzene. The barium and 
calcium salts were prepared, and also acetyl, dibrom and tetra- 
brom-derivatives.— Ber. Berl. Chem. Ges., xi, 1340, July, 1878. 
G. F. B. 
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9. On New Coloring Matters, as Malachite green.—DoxrBNER 
sometime ago showed that the synthesis of aromatic oxyketones 
could be effected by acting on the benzoic ether of a phenol, 
either with benzoyl chloride and zinc chloride, or with benzo- 
trichloride and zinc oxide; there being produced in both cases 
the body C,H,CO.C,H,OCOC,H,, from which by saponification 
benzoylphenol C,H,CO.C,H,OH resulted. If now in place of 
the ether, the phenol itself be employed, and it be heated with 
benzoyl chloride in presence of dehydrating substances, coloring 
matters are produced. The effect, however, is much greater if 
tertiary aromatic bases are employed in place of the phenols, 
magniticent green coloring matters being produced. One of these 
has already been introduced for some time into commerce, pre- 
pared by the action of benzo-trichloride upon dimethylaniline, 
and known under the name of malachite green. It affords on 
analysis the formula C,,H,,N, and has the constitution 


OF AOR), 
| ~C,H,N(CH,) 
———CH, 

—Ber. Berl. Chem. Ges., xi, 1236, June, 1878, G. F. B. 

10. Electrolytic methods of determining lead, copper, zinc and 
nickel-—In the Annales de Chemie et de Physique for April, M. 
Alfred Riche describes electrolytic methods for the separation 
and estimation of lead, copper, nickel and zinc. The conditions 
of success in these determinations have been carefully studied, 
and the large experience of M. Riche in the analysis of alloys ren- 
ders the paper particularly valuable to the analytical chemist. 
There is little, however, which is especially new in his methods, 
and he has entirely overlooked the work of American chemists in 
the same field. J. P. G, IR. 

11. Alcoholic Fermentation.—In the same number of the above 
journal, M. A. Miintz gives an interesting account of numerous 
experiments, which tend to show that alcoholic fermentation takes 
place in the cells of all plants when confined in an atmosphere 
deprived of oxygen gas. The experiments were made on such 
common plants as beets, maize, geranium, cabbage, portulaca 
and chicory, growing in pots in a natural condition, and it is 
stated that alcohol could be invariably detected in different 
parts of these plants after several hours’ exposure in an atmo- 
sphere of nitrogen, although no trace of alcohol could be dis- 
covered in other plants of the same growth not thus treated. 
The growing plants were covered by a glass bell standing in a 
pan holding an alkaline solution of pyrogallic acid, which in the 
course of twenty-four hours absorbed all the oxygen and carbonic 
dioxide of the confined air, leaving an atmosphere of nearly pure 
nitrogen. In this atmosphere the plants were left for from twelve 
to twenty-four hours longer, without impairing the vitality of the 
plant, as the continued growth of duplicate plants similarly 
exposed abundantly proved. The tissue of the plant was then 
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bruised with water and alcohol proved to exist in the distillate 
from this emulsion by the production of the characteristic crys- 
tals of iodoform after the addition of sodic carbonate and iodine 
in a manner which is fully described.. These results are inter- 
esting as confirming the views of Pasteur that the alcoholic 
fermentation produced by ordinary yeast is simply an exaggera- 
tion of the normal action of all organic cells in an atmosphere or 
medium devoid of oxygen. J. P. C., JR 

12. Vapor of Chloral Hydrate.—The specific gravity of the 
vapor of chloral 74°04 (referred to hydrogen) corresponds to the 
molecular structure of the compound as indicated by its chemical 
relations and represented by the formula CCl,-CH=(HO), 
CCl,—_CH=0; but the vapor of chloral hydrate has only one- 
half of the specific gravity (39°84) which the law of Avogadro 
would require. Hence it has been generally supposed that in 
volatilizing, the hydrate was resolved into chloral and water. 
Assuming that this vapor is a simple mixture of chlorai vapor 
and aqueous vapor each independent,—the mixture having a ten- 
sion equal to the sum of the tensions of the constituents,—then 
we should infer that if a material susceptible of hydration were 
introduced into the vapor the effect would be similar to that 
obtained by introducing the same substance into any inert atmo- 
sphere saturated with aqueous vapor at the same temperature. 
On the other hand, if the vapor of chloral hydrate is a homo- 
geneous gas consisting solely of molecules having the constitution 
represented above, then if we introduced a hydrous salt into this 
vapor we should anticipate that this salt would effloresce, thus 
giving off more or less of its water, just as it would in any other 
dry and inert atmosphere under like conditions. These well 
known principles offer an obvious method of testing the condi- 
tion of the vapor of chloral hydrate which has been applied by 
M. L. Troost in an article published in the Annales de Chimie et 
de Physique for March. In his experiments, M. Troost volatilized 
the chloral hydrate in the Torricelian vacuum of Hofmann, appa- 
ratus for determining the density of vapors, and introduced into 
the vapor potassic oxalate, both in its hydrous and its anhydrous 
condition. The apparatus was slightly modified to suit the con- 
ditions and potassic oxalate was chosen as the reagent because 
its affinity for water-—-as shown by the quantity of heat evolved 
during combination—is less than that of chloral. Lastly, any 
effect which the reagent produced on the vapor was indicated by 
the change of tension. But for these and all other details we 
must refer tothe paper. From these experiments, M. Troost 
deduces the conclusion that neither at 78° C. nor at 100° C. are 
the constituents disassociated, at least to any great extent, in the 
vapor of chloral hydrate; that the vapor of this substance is per- 
fectly homogeneous and normally occupies twice the volume 
which the law of Avogadro requires. Hence M. Troost would 
have us infer that this law, as the basis of modern chemical phi- 
losophy, has failed. 
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As the writer has before said in these pages, the law of Avogadro 
is simply a mode of correlating facts, and its value as a scientific 
theory rests on the degree of certainty with which it points the 
way to new discoveries. As soon as it begins to lead astray it 
will doubtless be abandoned, like many another philosophical 
guide before it. In order to invalidate the theory it is not enough 
to adduce unexplained facts ; it is essential to show that phenom- 
ena which have been fully investigated are inconsistent with it. 
In the present instance the experiments of M. Troost undoubt- 
edly seem to indicate that the vapor of chloral hydrate does not 
contain aqueous vapor as such, for although the results are not as 
sharp as might be desired yet the difference in the action before 
and after additional water had been mixed with the vapor of the 
hydrate seems to be conclusive on this point. But nevertheless, 
before we can admit that the vapor of chloral hydrate contains 
only one-half as many molecules in the same volume as the vapor 
of chloral, it must be proved that the molecules of the hydrate, 
when in the state of vapor, have all the chemical constitution 
represented by the usual symbol as given above, and not only is 
no direct evidence offered on this point but the presumption is 
wholly against such a conclusion. J. P. C., IR. 

13. Solubility of Lime in Water.—The fact that lime is more 
soluble in cold than in hot water was first observed by Dalton in 
1808, and his observations were confirmed by R. Phillips in 1821. 
Very recently the relative solubility of lime in water at different 
temperatures has been very carefully studied by M. A. Lamy. 
This French chemist finds that the solubility varies to a marked 
extent with the state of aggregation of the lime, with the material 
from which it was prepared, as well as with the temperature to 
which it was heated in the process, with the time during which it 
is left in contact with water and with various other circumstances, 
some of which produce a permanent and others a transient effect. 
It is undoubtedly the influence of such causes of variation, pre- 
viously unknown, that led both Dalton and Phillips to somewhat 
erroneous results, although they accurately observed the general 
order of the phenomena. We must refer to the original paper in 
the Annales de Chemie et Physique, June, 1878, for the details. 
The following table, however, numbered XV, in the article referred 
to, will give a general idea of the results: 

Lime from carbonate precipitated Lime from marble several The same lime after slack- 


Temperature. from nitrate with ammonic times washed. ing and again igniting. 
carbonate. 


0° 1°362 grams. grams. 1°430 grams. 

15° 1:279 1°295 1°345 

30° 1°142 1°158 1:195 

45° 0°985 1005 1°033 

60° . 0°841 0°864 0°885 

100° 0°56 0°575 0°585 
In each case the numbers indicate the weight of lime contained in 
1000 grams of the solution, and we have selected this table from 
several others in the paper because as the author says the values 
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are comparable, having been obtained under similar conditions. 
The other series of results which are given do not differ greatly 
from the above, the differences appearing at most in the third sig- 
nificant figure. The several curves of solubility which are plot- 
ted with these different series are nearly parallel, and all show a 
region of contrary flexure between fifteen and forty-five degrees. 
J. P. JB 
14. Oxygen in Metallic Silver.—It has long been known that 
melted silver dissolves quite a large volume of oxygen gas, but 
M. Dumas has recently shown that the metal in its ordinary state 
may contain a notable amount of the same substance. When 
reduced from the chloride with the usual fluxes and granulated, 
one kilogram of the metal may contain 249 milligrams of oxygen. 
This impurity may have determined a sensible error in the values 
of the atomic weights referred to silver, and Dumas suggests that 
the differences between the precise results obtained with so much 
labor by Stas, and the exact multiples of the atomic weight of 
hydrogen accepted by himself, may be due to this cause. Such 
facts as the one here presented tend to greatly strengthen the 
opinion expressed by the writer in a recent paper on the atomic 
weight of antimony: that the errors chiefly to be feared in the 
determination of atomic weights are not such as can be eliminated 
by the repetitions of the same process, but constant errors which 
arise from our want of precise knowledge of all the conditions 
under which the determinations are made, and that in the present 
state of science no certain conclusions can be reached in regard to 


the validity of Prout’s law or of other numerical relations between 
the atomic weight of the chemical elements. J. P. C., JR 


II. GEOLOGY AND MINERALOGY. 


1. Occurrence of Fossiliferous Tertiary Rocks on theGrand Bank 
and George's Bank ; by A. E. Verritt.—Among the most import- 
ant results of the investigations made by the party connected with 
the U. S. Fish Commission, stationed at Gloucester, Mass., during 
the present season, is the discovery of a. nen of a hitherto 
unknown geological formation, apparently of great extent, belong- 
ing probably to the Miocene or later Tertiary. The evidence 
consists of numerous large fragments of eroded, but hard, com- 
pact, calcareous sandstone and arenaceous limestone, usually per- 
forated by the burrows of Saxicava rugosa, and containing in 
more or less abundance fossil shells, fragments of lignite, and in 
one case a spatangoid sea-urchin. Probably nearly one-half of the 
species are northern forms, still living on the New England coast, 
while many others are unknown upon our coasts and are appar- 
ently, for the most part, extinct. From George’s Bank about a 
dozen fossiliferous fragments have been obtained, containing more 
than twenty-five distinct species of shells. Among these one of 
the most abundant is a large thick bivalve (Zsocardia) much 
resembling Cyprina /slandica in torm, but differing in the struct- 
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ure of the hinge. This is not known living. Mya truncata, Ensa- 
tella Americana, and the genuine Cyprina are also common, 
together with a large Natica,a Cyclocardia (or Venericurdia) 
allied to C. borealis (Con.), but with smaller ribs, Cardiwm Islan- 
dicum, and also various other less common forms. These frag- 
ments came from various parts of the bank, including the central 
part, in depths varying from 35 to 70 fathoms, or more. 

From Banquereau, N. S., we received one specimen of similar 
rock, containing abundant fragments of a large bivalve, and about 
a dozen other species, among which are Fusus (Chrysodomus) 
decemcostatus, Latirus albus Jeff. (?), unknown species of 7urra- 
tella, etc. From the Grand Bank two similar specimens were re- 
ceived. One of these, from thirty-five fathoms, lat. 44° 30’, long. 
50° 15’, contained numerous specimens of Cyprina Islandica in 
good preservation. 

In gathering these specimens from the fishermen and working 
out the specimens, Mr. W. Upham has been very active. It will 
probably be possible hereafter, when these specimens shall have 
been more fully examined, and more obtained, to give a pretty 
long list of species, especially from George’s Bank. 

At present it appears probable that these fragments have been 
detached from a very extensive submerged Tertiary formation, at 
least several hundreds of miles in length, extending along the 
outer banks, from off Newfoundland nearly to Cape Cod, and per- 
haps constituting, in large part, the solid foundations of these 
remarkable submarine elevations. 

2. On Liquid Carbonic acid in Syenite; by Mr. G. W. Hawes. 
(From Mr. Hawes’ New Hampshire Geological Report.)—The 
presence of liquid carbonic acid in the microscopic cavities that 
exist in the quartz of granites having been often observed, I care- 
fully searched for it in the sections of the New Hampshire rocks. 
Although the number of sections was large, yet in no case was I 
able to find it in any of the granitic rocks, except in a syenite 
from Columbia, and here it occurred in the greatest abundance, 
and under circumstances that render its occurrence interesting. 

The syenite referred to is white in color, spotted with black, 
and macroscopically only orthoclase and hornblende are recog- 
nizable. In thin sections, however, plagioclase, biotite, quartz 
and apatite are seen, and moreover calcite is found; a mineral 
which rarely occurs in granitic rocks. The quartz is present 
only in small amount, occupying angular corners between the 
other constituents, but every grain of it is filled with cavities, 
which are quite large, and many of them contain liquid carbonic 
acid. Its presence in connection with the calcite may indicate 
that calcium carbonate was a constituent of the sedimentary 
material from which this rock was made, and that at the tem- 
perature at which crystallization took place, a reaction occurred 
between the silica and the carbonate resulting in the liberation of 
carbonic acid. 
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1. Monographie Phanerogamarum Prodromi nune continuatio, 
nune revisio, auctoribus ALPHONsO et DECANDOLLE, 
aliisque Botanicis ultra memoratis. Vol. I, Smilacew, Restiacee, 
Meliacec, cum tabulis ix. Paris, Masson. June, 1878. pp. 779, 
roy. 8vo.—In this form and way we may hope to see the Monoco- 
tyledonous orders elaborated, and some of the earlier Dicotyle- 
donous ones re-elaborated. The middle of this volume is filled 
by the monograph of Restiacee, by Dr. Masters. This is an order 
allied on the one hand to Juncacew, on the other to Cyperacee, of 
twenty genera and two hundred and thirty-four species, wholly of 
the southern hemisphere, divided between South Africa (which 
has much the larger share) and Australia with New Zealand, and 
a single species in Chili. It is not a prepossessing family, and 
presents peculiar difficulties to the systematist, on account of the 
diccious character of most of them, and a striking difference be- 
tween the plants of the two sexes, which in collections are hard 
to match. Much praise is due to Dr. Masters for his great labor, 
patience and skill. The latter half of the volume is occupied by 
Casimir DeCandolle with his neat revision of the Meliacee, chietly 
a tropical order. The stamineal tube in the monadelphous 
Meliacee is concluded to be a staminiferous disk. The Smdlacee 
by Alphonse DeCandolle form the smaller but to us the most 
interesting part of the volume. 

This order is restricted to three genera; two of them diccious, 
Heterosmilax with united sepals, no petals, and three monadel- 
phous stamens (East Asiatic), Slax with separate sepals, petals, 
and (6-15) stamens; the third, Rhipogonum (of New Zealand 
and Australia), with hermaphrodite flowers. Of Smilax one 
hundred and eighty-six species are characterized, and a dozen or 
two more are obscure or doubtful. There are thirty-eight pages 
of prefatory generalia, in DeCandolle’s best manner. We are 
— to find that he keeps up the specific phrase, and with true 

innan curtness, relegating all particulars, not truly diagnostic 
under the sections and other divisions, to the description. In dis- 
cussing the nature and characters of the leaf (which in its general 
sense is called “récentement et assez inutilement phyllome”) the 
morphology of the petiolar tendrils has to be considered; the 
conclusion is that these answer rather to leaflets than to stipules, 
and the articulation, in some species well marked, between the 
blade and the petiole, or in the petiole, is noted as supplying good 
specific characters, which have been overlooked. The umbels are 
centrifugal or cymose. To distinguish, as is here done, the peri- 
anth into sepals and petals and to use these names when practica- 
ble, is most proper; but it hardly follows that the term perianth or 
perigone will then have no raison d’étre. Whatever the number 
and position of the stamens, the carpels are superposed to the 
sepals, as indeed is the case in most Monocotyledons. It is perti- 
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nently noted that in Smilax, always dicecious, and with dull- 
colored perianth, the pollen is papillose as in most entomophilous 
flowers; but that Lhipogonum, the only hermaphrodite genus, 
has a smoothish pollen, more like that transportable by the winds. 
Most have odorous blossoms, some pleasantly, some the reverse. 
DeCandolle asks whether in our Coprosmanthus (the name of 
which indicates the ill odor) this is common to both sexes and the 
same in both. Can any of our readers speak to this? An expo- 
sition of the geographical distribution of the order, and of what 
is known of it in a fossil state, is followed by a statement that all 
the four natural sections of Smilax and the two other genera— 
ie. all the types of the order—co-exist in the comparatively small 
area comprised between the north of New Holland, the Figi 
Islands, the Sandwich Islands, and Japan; that India has four of 
these six types, New Holland three, North America two, all 
Europe and Africa one; South America only one, but is rich in 
species. The speculative inference is, that, anterior to the eocene 
formations of Europe, the ancestors of the family occupied a con- 
tinent situated in the region above indicated, of which the most 
ancient form was probably monecious, gamosepalous, apetalous, 
monadelphous, and with more or less volatile pollen,—in short was 
like Heterosmilux,—that this ancestor was in that region diver- 
sified, giving origin to the five other groups, beginning with 
Husmilax, the widest diffused and most numerous in species, and 
finishing with Rhipogonum, which with Heterosmilax has clung 
to its birthplace. The sole Californian Smilax is referred, as a 
variety, to 8. rotundifolia, but is nearer S. hispida, although 
distinct from both. A. G. 

2. The Flora of British India, by Sir J. D, Hooxsr, K.C.S.L, 
President R.5%., etc., assisted by various botanists, makes fair 
progress. Part V, the second part of the second volume (pp. 241 
—496) is before us, undated. In it the Leguminose by Baker are 
finished, the Aosacew elaborated by Dr. Hooker himself, the 
Saxifragacee and succeeding orders up to Haloragee by C. B. 
Clarke, the Rhizophorew by the Rev. G, Henslow, Combretacecee 
by Mr. Clarke, and finally the Myrtacee by a new hand, J. F. 
Duthie, F.L.S. For the section of Potentilla of which P. fruticosa 
is the type, the name Zrichothalamus is coined, a better one than 
Comocarpa in Torr. & Gray, Flora. Hriobotrya is kept up as a 
genus, as are Decaisne’s Docynia and Pourthicea. A. G. 

3. Bluathendiagramme Flower-diagrams| construirt und erldu- 
tert, von Dr. A. W. Etcuier, Professor Bot. Univ. Kiel.—The 
first part, of 348 pages, 8vo, and 176 wood-cuts, was published in 
1875, (Leipzig, W. Engelmann). 1t was devoted to the Gymno- 
sperms, Monocotyledons, and the Sympetalous* (Gamopetalous) 
Dicotyledons. The second was issued in the spring of the present 
year, on the eve of the author’s removal to Berlin, to occupy 
the botanical chair vacated by the death of Braun. It deals with 
the Apetalous and Choripetalous [Polypetalous] Dicotyledons, 


* We take a fancy to this name Sympetale; but Gamopetale is older and in 
common use. 
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intercalated into one class; it fills 575 pages and is illustrated b 
237 wood-cuts. We had deferred notice of this admirable work 
until it should be completed. This has now happily been done; 
but we are unable at the present moment to prepare the detailed 
review which such a useful, conscientious, and able contribution 
to morphological botany should have. Being a work specially 
adapted to instruction, it ought to be translated into English; 
but we fear this may not just now be done, as morphology is not 
sufficiently appreciated. The brief introduction first explains 
Flower-diagrams, the mode of constructing them, and the purpose 
they subserve; then, some general remarks on the nature or 
definition of the flower, its development, and its parts, precede a 
brief discussion of the arrangement of the floral organs, the rela- 
tion of the blossom as a whole and of its outer members to bract 
and bractlets ; and finally inflorescence is considered, with principal 
reference to the terminology and classification of the cymose type. 
Some notes succeed on the morphology of ovula, placenta, stamina, 
etc. And in the preface to the second part a few pages are devoted 
to similar topics ;—to the spiral theory of the flower-organs and 
the nature of placenta and ovula (the author frankly modifying 
his former views in consequence of the later researches of others), 
to Obdiplostemony (the production of the first rank of stamens 
opposed to petals), which is in some sort a re-discussion of out- 
growths and intercalary leaves, as treated in notes to the first 
volume. These discussions, and the presentations by diagrams 
and otherwise of the particular morphology of the natural orders 
in systematic sequence, mark this work as one of the first impor- 
tance. A. G. 

4. Repertorium Annuum Literature Periodice, cur. G. Bou- 
NENSIEG et W. Burcx. Tom. iv, for 1875. Harlaem, 1878. 283 
pp. 8vo.—Having noticed the preceding volumes, we would renew 
the expression of admiration for the careful and thorough manner 
in which this work is planned and executed. The classification of 
topics is very detailed and special; and there is a full index of 
names of genera and orders, and another of authors. A. G. 

5. Synopsis of the Genus Aquilegia, by J. G. BakEr.—A con- 
tribution to the Gardener’s Chronicle, London, concluded in the 
number for August 17, 1878; intended specially for horticultural 
use, but also of botanical consequence, arranging under artificial 
groups and describing in a plain way twenty-seven species. <A 
northern Rocky Mountain Columbine, A. Jonesii of Dr. Parry, 
appears not to be known to the writer. It is rather strange that 
A. chrysantha and A. coerulea (of which Mr. Baker seems to know 
only the almost white form) should fall under different sections, 
even when these are founded on size of flower; but this comes 
from the sepals only giving the measure. A. truncata, the Cali- 
fornian species, is quite distinct from A. formosa (which grows 
farther north and east), and is handsomer in cultivation. When 
the characters are once apprehended, either in live or dried speci- 
niens, there will be no need of again confusing them. A. G. 

Am. Jour. Vou. XVI, No. 94.—Ocr., 1878, 
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6. Note on the Reéstablishment of Forests in Iowa now in 
progress; by Prof. C. A. Wuire. (Communicated.)—In the admira- 
ble lecture on Forest Geography and Archeology by Professor 
Asa Gray, published in the August and September numbers of this 
Journal there is a single passing allusion or hypothetical state- 
ment which I think involves an error. _ I refer to the two closing 
sentences on page 94 of the August number which read thus: 
“The difficulty of re-foresting bleak New England coasts, which 
were originally well wooded, is well known, It is equally, but 
probably not more difficult to establish forest on an Iowa prairie 
with proper selection of trees.” It is plain that Professor Gray 
intended in those sentences to state the difficulty of re-foresting 
only hypothetically in order to meet the question, “ Why have 
the trees not grown where they might have done, and grown 
again where they have been destroyed ?”; and in the preceding 
paragraph on the same page he had given a correct and concise 
statement of the true arboreal status of Iowa. 

In view of the grand facts and generalizations presented in that 
lecture the objection here raised is very insignificant, but the 
statement referred to involves a question which to the people of 
Iowa is of the greatest economic importance, and this is my only 
reason for calling attention to it. In vol. i, pp. 129-132 I have 
given a statement of the results of many years observations in Iowa 
and adjoining States of which the following is the substance. 

All varieties of forest trees that are indigenous to that region 
will grow thriftily upon all varieties of its soil, when transplanted 
or propagated from the seed. Wherever the annual fires have 
been prevented, and no effort has been made to prevent the 
growth of forest trees, they have rapidly taken possession of 
originally prairie surfaces and changed them to dense forests. 
The forest area of Iowa has been increasing ever since its first 
settlement by white men, even beyond the amount consumed, and 
it is rapidly increasing to-day, both by natural growth and arti- 
ficial propagation. The latter may be so readily accomplished 
that an Iowa farmer grows his forest with the same certainty and 
facility that he does his corn and wheat. I do not intend to dis- 
cuss the question why these facts exist; I only state them as I 
know them; but the following words by Professor Gray upon 
this point strike me as not only sagacious, but strictly true. “I 
am disposed, on general considerations, to think that the line of 
demarkation between our woods and our plains is not where it 
was drawn by nature... . . . I suspect that the irregular 
border line may have . . . been rendered more irregular, and 
have been carried further eastward wherever nature of soil or cir- 
cumstances of exposure predisposed to it.” 

7. Entomological Contributions, No. IV; by J. A. Lintner. 
Printed in advance from the Thirtieth Annual Report on the 
New York State Museum.) 144 pp. 8vo. Albany, June, 1878.— 
A series of twenty-seven separate papers, of which the first three 
are upon a “hair-worm” (Mermis acuminata) parasitic on the 
apple-worm larva, the new carpet-bug, and the grape-seed fly. 
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All the other papers are upon Lepidoptera, principally of New 
York State, including descriptions of new species, notes on habits, 
capture, etc., and also a systematic arrangement of the European 
and some American Hesperide, partially from manuscript and 
partially from a publication of Dr. Speyer of Prussia. Ss. LS. 


IV. AstTRONOMY. 


1. Observation of the new planet (189); by C. H. F, Prrers. 
(From a letter to one of the editors, dated Litchfield Observatory 
of Hamilton College, Clinton, N. Y., Sept. 18, 1878.)—The follow- 
ing is an observation made last night of a planet, that probably 
will receive the number 189 of the asteroid group: 

1873. Ham. Coll. m. t. A. R, app. Decl. app. 
Sept. 17 13h 12m 528 1h gm 458-28 +9° 38” 18"2 
from 15 filar micrometer comparisons with the star Riimker IT. 568. 

I had already become aware of this planet on the night of Sept. 
9-10, at about four o’clock in the morning, when daybreak did 
not give time for a regular measurement. For several days there- 
after the strong moonlight interfered. From the position as put 
down in my chart, I derive the place, reduced to 1878°0: 

a= 1" 14" 2°; 6 = +10° 19'7, 
whence in combination with last night’s observation follow the 
daily motions —33* and —5'2 about. 

The magnitude of the planet I estimated at 11, and it was as 
well visible with the light of the moon as it now is. 

2. Annals of the Harvard College Observatory._-Two more 
volumes of Annals have just been distributed from the Harvard 
College Astronomical Observatory. One is the second part of 
Vol. IV, containing observations made in 1862-5 on the right 
ascensions of 505 principal stars, and is edited by Professor T. H. 
Safford. The other is Vol. IX, and is written by Professor C. 8. 
Peirce, of the Coast Survey. It consists of five chapters, whose 
titles indicate the ground covered by the author: (1) The Sensa- 
tion of light; (2) The numbers of stars of different degrees of 
brightness ; (3) Original observations; (4) Comparisons of the 
different observers; (5) The form ef the galactic cluster. The 
observations were made with a Zéllner astrophotometer, under 
the general direction of Professor Winlock. They were begun at 
Cambridge, and continued at Washington and elsewhere, as the 
author’s duties in the Coast Survey made changes of residence 
necessary. The work is also published separately by Engelmann, 
Leipzig, under the title Photometric Researches. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. American Association.—The twenty-seventh meeting of 
the American Association for the Advancement of Science con- 
vened at St. Louis, Missouri, on Wednesday, August 21st, and 
continued for one week. The President of the meeting was 
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Professor O. C. Marsu, and the Vice-Presidents R. H. Tuursron, 
of Hoboken, and A. R. Grorr, of Buffalo. The meeting was a 
successful one, although the attendance was not so large as usual, 
owing to the extreme heat and the fear of the yellow fever. 

The local committee consisted of Chancellor W. G. Extor, 
Judge Cuartes Speck, Professor J. K. Rexzs, Barn, 
Wm. Taussic, W. H. Putstrer, Dr. Grorcr J. ENGELMANN and 
others, who made most satisfactory arrangements for the enter- 
tainment of the members, and for the sessions of the Association. 

Various excursions were made by the members to points of 
interest in the vicinity of St. Louis: including one to open the 
Cahokia mound across the river in Illinois; another occupying 
Saturday, the 24th of August, to Iron Mountain and Pilot Knob; 
and, at the close of the meeting, there was an excursion to Colo- 
rado, to occupy a week or more. 

Addresses were delivered Wednesday evening by Professor 
R. H. Thurston, Vice-President of Section A, on the “Science of 
the Advancement of Science;” and by A. R. Grote, Vice-Presi- 
dent of Section B, on “ Education a Succession of Experiences ;” 
and on Thursday by Professor F. W. Clarke, Chairman of sub- 
Section C, on “The Cultivation of Chemistry.” The address of 
the retiring President, Professor Simon Newcomb, delivered 
Thursday evening, on “The Course of Nature,” was a philosophi- 
cal discourse of more than ordinary interest. 

The next meeting is to be held in Saratoga on the last Wed- 
nesday in August. The officers appointed for the meeting are 
Professor G. F. Barker, of Philadelphia, President; Professor 5. 
P. Langley, of Alleghany, Pa., Vice-President of Section A; 
Major J. W. Powell, Vice-President of Section B; Professor Ira 
Remsen, Chairman of sub-Section of Chemistry ; and Professor 
E. W. Morley, of Hudson, Ohio, Chairman of sub-Section of 
Microscopy. 

The following is a list of the papers which were read, or accepted 
for reading, in the several sections. 


I, Mathematics, Astronomy and Physics. 


Experimental Determination of the Velocity of Light, A. A. MICHELSON. 

An improved Method of Ringing a Bell in an Exhausted Receiver, T. R. BAKER. 

On the Economic Use of Steam, C. A. SMITH. 

On the Construction of a Sensitive Wind-vane, J. W. OSBORNE.—On Wind-vane 
Rotations, id—The importance of Meteorological Observations in Vertical Sec- 
tion of the Atmosphere with the suggestion of means for their systematic accom- 
plishment, id. 

On Friction Measurement and its Laws, as determined by Recent Experiments 
for a wider range of Conditions than have been previously obtained, R. H. 
THURSTON. 

Magnetic Determinations in Missouri, F. E. NipHeR.—Rain determinations on 
Roofs, id. 

Tornadoes, Waterspouts and Hailstorms, W. FERREL. 

On Finding the Differential of a Variable Quantity without the use of Infinitesi- 
mals or Limits,” J. 

Outline of Work done by the Fort Worth Solar Eclipse Party, J. K. RExEs. 

A Peculiar Case of Fracture of Tool Steel, W. Kent. 
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On the use of the Tasimeter for measuring the Heat of Stars and of the Sun’s 
Corona, T. A. Epison.—On the application of the Carbon Button, id.—On the 
Principle involved in the Microphone and the Carbon Telephone, id.— A new Vol- 
tameter, id. 

On the results of the Spectroscopic Observation of the Solar Eclipse of July 29, 
1878, G. F. BARKER.—A new method of determining the Pitch of a Tuning 
Fork, id. 

A Wind-wave thoroughly Sensitive and thoroughly Steady, W. C. TayLor. 

On a Standard Inch and a Standard Centimeter, W. A. ROGERS. 

On the Possibility of observing the Solar Corona without the aid of an Eclipse, 
O. STONE. 

On a modified form of Telephone intended for a Sensitive Electroscope for the 
Detection of Feebie Currents, P. H. VAN DER WEYDE. 

On the Development of Ozone in the Air, by means of Sudden Changes of Tem- 
perature, B. S. HEDRICK. 

Internal Revenue Adjustment of the Carlisle Tables, E. B. ELLIott.—Interna- 
tional Coinage, its progress, id. 

On Recent Progress in Micrometry, R. H. Warp. 


Il. Chemistry. 


A short account of the Nature of the Oxide of the New Element Mosandrum, 
J. L. Smira.—The new Meteoric Mineral Daubréelite and its frequent occurrence 
in Nature in Meteoric Iron, id. 

Electricity an Agent in Vegetable Growth, A. P.S.Sruart. 

The Electrolytic Estimation of Mercury, F. W. CLARKE.—Some new Selenocy- 
anates, id.—Some Specific Gravity determinations and conclusions from them, id. 


III. Geology, Zoology and Botany. 


Ancient Glacial Action, Kelley’s Island, Lake Erie, C. WHITTLESEY. 

On Hybrids in Nature, T. MEEHAN. 

Notes on the Life-history of the Blister-beetles, and on the structure and de- 
velopment of the genus Hornia Riley, C. V. Ritey.—On the larval growth of 
Corydalus and Chauliodes, id.—The Philosophy of the Movements of the Rocky 
Mountain Locust (Caloptenus spretus), id.—On the means by which Silkworm 
moths issue from their cocoons, id—A New Source of Wealth to the United 
States, id.—Biological Notes on the Gall-making Pemphigini, id. 

Dinosaurian Reptiles from the Jurassic of the Rocky Mountains, O. C. MArsu. 

On the Complete Series of Superficial Formations in North Eastern Iowa, with 
Sections, W. J. McoGEE. 

A new Fossil impression in a Glacial Bowlder, A. R. GROTE. 

The Iron Ores of Alabama, with Special Reference to their Geological Relation, 
K. A. SMITH. 

Embryology of Clepsine, (1) Stages preliminary to Cleavage, (2) Cleavage, 
Germ-lamellz, Gastrula, etc., C. O. WHITMAN. 

Extracts from Modern Science bearing on the Law of Repetition, Miss V. K. 
BOWERS. 

Richthofen’s Theory of the Loess in the light of the Deposits of the Missouri, 
J. E. Topp. 

Are the so-called Cheitetes of the Cincinnati Group Bryozoans? A. G. 
WETHERBY.—Remarks on the Geographical Distribution of the Land and Fresh- 
water Mollusks of the United States and their local varieties, id. 

Notice of a recent discovery of Gold in the Unaka Mountains of Tennessee, J. 
M. Sarrorp.—Notice of Certain Sulphide Springs in Tennessee, id. 

The Lands of Utah, J. W. Powrtt.—The Rainfall of the Arid Region of the 
United States, id. 

On a remnant of the Spiracles in Amia and Lepidosteus, B. G. WILDER. 

Atgeria tipuliformis Lin., G. H. PErKins.—Osteology of Sciwropterus volu- 
cella, id. 

On the Development of Amia, S. A. FORBES. 

Remarks on the Early Decay of the male plant in Cannabis sativa: A Parallel 
and a Contrast, C. S. PERCIVAL. 
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The Relation of Adhesion to Horizontal Pressure in Mountain Dynamics, H. F. 
WALLING.—Some indications of Recent Sensitiveness to Pressure in the Karth’s 
Crust, id. 

Geological History of the Colorado River and Plateaus, C. E. Dutton. 

On the Consensus in Animal and Vegetal Life, L. F. WARD. 

On some characteristics of the Vegetation of Iowa, J. C. ARTHUR. 

On certain difficulties met with in using the Cat’s Brain as a type of the brains 
of Mammals, B. G. WILDER. 

The Alleged Volcano at Bald Mt., North Carolina, F. W. CLARKE. 

The Gold Region of Georgia, G. LITTLE. 

On the Compass Plants, G. ENGELMANN. 

Discovery of Atlantosaurus and other Dinosaurs in the Rocky Mountains of 
Colorado, A. LAKES. 

Exhibition of Fossils showing the effects of the Geodizing process, A. H. 
WORTHEN. 


IV. Anthropology. 


Ancient Mounds in the vicinity of Naples, Scott County, Illinois, J. G. HEN- 
DERSON.— Ancient Names, Geographical, Tribal and Personal, in the Mississippi 
Valley, id. 

Description of two Stone Cists discovered near Highland, Illinois, A. OEHLER. 

Description of a Cliff House in the Cafion of Mancos River, Colorado, with a 
Ground Plan of the structure, W. F. MoRGAN. 

Remarks on the Ruins of a Stone Pueblo on the Animas River, New Mexico, 
with a Ground Plan, L. H. Morgan.—Observations on the San Juan River Dis- 
trict, as an important ancient seat of Village Indian Life, id. 

On the Sources for Aboriginal History of Spanish America, A. F. BANDELIER. 

Remarkable Burial Custom from a Mound in Florida: The Cranium utilized as 
a Cinerary Urn, H. GintMan.—Description of a Glazed Earthen Vessel, taken 
from a Tumulus in Florida, id. 

Evidences of Cannibalism in a Nation before the Ainos in Japan, E. S. MORSE. 

Remarks upon the Archeology of Vermont, G. H. PERKINS. 

An Atlas of North American Antiquities, O. T. Mason.—North American 
Indian Synonymy. id. 

Ancient Pottery from Chiriqui, Central America, O. C. MARSH. 

On the anatomical peculiarities by which Moundbuilders’ Crania may be distin- 
guished from those of the Modern Indian, W. J. McGEE. 

Exhibition of Prehistoric relics from Missouri, A. J. CONANT. 

An account of an exploration of a Walled Town of the Moundbuilders of the 
Cumberland Valley, F. W. Putnam. 

On the Discovery of a Human Skull in the Drift near Denver, Colorado, T. BELT’. 


2. Pennsylvania Geological Survey.—Two new volumes of 
Reports of this Survey have appeared: on the Fayette and West- 
moreland District of the Bituminous Coal Field, by J. J. Sreven- 
son. Part ii, Ligonier Valley. 330 pp. 8vo, with maps and wood- 
cuts ; and Two Hundred Tables of Elevation above Tide Level of 
the Railroad Stations, Summits and Tunnels, Canal Locks and 
Dams, etc., in and around Pennsylvania, by CuarLtes ALLEN. 280 
pp. 8vo. 

Professor Stevenson, in his volume, besides describing with 
detail the stratification and coal beds of the region, gives in chap- 
ter 18, a partial statement of the facts on which were based the 
conclusions offered in the May number of this Journal, observing 
that the full discussion will be given elsewhere in the fall; in 
chapter 19, he discusses the relations of the axes west from and in- 
cluding the Alleghenies of Pennsylvania; traces the axes to their 
final disappearance in West Virginia; shows that they are suc- 
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cessively shifted eastward, and that each axis is practically over- 
ridden by its eastern neighbor, until the whole system is swallowed 
up by the great Tygarts Valley anticlinal of West Virginia; in 
chapter 20 he discusses the age of the axes and shows that the more 
important ones existed early during Coal-Measure times. On 
page 282 are some conclusions respecting four of the coal-troughs ; 
chapter 21 treats of the structure of coal-beds and intervals be- 
tween coal-beds; shows that coal-beds divide; that in the great 
trough, the groups thin out east, north and west; also contains a 
brief discussion of the nature of clay veins, besides giving a few 
notes on the Paleontology of Southwest Pennsylvania and imper- 
fect lists of fossils observed. 

3. Meeting of the British Association.—The meeting of the 
British Association for 1878 was held at Dublin during the week 
from August 14 to August 21. The — exercise upon Wed- 
mesday evening, the 14th, was the Inaugural Address by the 
President-elect, Mr. William Spottiswode; it was devoted to a 
discussion of the “ External aspects and tendencies of Mathemati- 
cal Science.” Opening addresses were also made in the several 
sections by their respective presidents, as follows: in Chemistry, 
by Professor Maxwell Simpson; in Geology, by Mr. John Evans; 
in Biology, department of Botany and Zoology, by Professor W. 
H. Flower, and by the vice president, Mr. R. McDonnell, in the 
department of Anatomy and Physiology; in Geography, by Pro- 
fessor C. W yville Thomson ; in Mechanical Science, by Mr. Edward 
Easton. Lectures were delivered by Mr. Romano upon Animal 
Intelligence, and by Professor Dewar on Dissociation, or Modern 
Ideas of Chemical Action. A considerable number of papers were 
presented for reading. The attendance was much larger than at 
the last general meeting, the number of persons present amount- 
ing to 2,577. Among the various reports presented, was one by 
the committee appointed to “consider the advisability and to 
estimate the expense of constructing Babbage’s analytical engine 
and the printing of tables by this means. The committee while 
praising the work of Mr. Babbage as a marvel of mechanical inge- 
nuity and resource, and though admitting the utility of such an 
engine as he had planned, decided that they could not advise the 
British Association to take any steps toward having it constructed. 
Dr. Allman was elected president of the meeting to be held in 
1880 at Swansea. 

4. A new form of Telephone; by A. Fioyp Detartetn, A.B., 
Noroton, Conn.—In the ordinary forms of telephone a piece of 
iron moves near a magnet surrounded by a coil of wire. Move- 
ments of the iron produce changes in the strength of the magnet 
and thus currents are induced. Generally the iron is used in the 
shape of a thin plate. The size of the plate being determined 
within pretty narrow limits by acoustic requirements, the strength 
of the magnet which can be used is also limited. 

The magnets which I use in the new form of telephone are 
shaped like a W; two U magnets with, say, their N. poles bolted 
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together, while their 8. poles form the two outer branches of the 
W. The middle bar fits the center of the coil, while the outer 
ends nearly touch it on the outside. The number of lines of force 
perpendicular to the direction of its motion which are cut by the 
coil is much increased by this disposition of the poles of the 
magnet. 

Bibliography of North American Invertebrate Paleontology, by C. A. White, 
M.D., and H. Alleyne Nicholson, M.D., etc. 132 pp. 8vo. Washington, 1878. 
Department of the Interior U. S. Geol. Survey of the Territories; Miscellaneous 
Publications, No. 19. 

Annual Report of the Chief Signal Officer to the Secretary of War, for tlhe year 
1877. 570 pp. 8vo, with twenty charts. Washington, 1877. 

Annual Report upon the Survey of the Northern and Northwestern Lakes and 
the Mississippi River in charge of Gen. C. B. Comstock and Capt. H. M. Adams. 
Appendix LL of the Annual Report of the Chief of Engineers for 1877. Wash- 
ington, 1877. 

Bulletin of the Museum of Comparative Zoology at Harvard College, Cambridge, 
Mass. Vol.iv. The terrestrial air-breathing Mollusks of the United States and 
the adjacent Territories of North America, described and illustrated, by W. G. 
Binney. Vol. v. Text, 439 pp. 8vo; vol. v. with 74 plates for vol. iii, and 16 


plates of vol. v. 

Observations and orbits of the Satellites of Mars, with data for Ephemerides in 
1879, by Asaph Hall, Prof. Math. U.S. Navy. Rear-Admiral John Rodgers, 
U S. Navy, Superintendent of the Naval Observatory. 46 pp. 4to. Washington, 


1878. 
Anales de la Oficina Meteorologica Argentina, por su Director Benjamin A. 
Gould; Tomo I, Clima de Buenos Aires. 522 pp. 4to, with 17 plates. Buenos 


Aires, 1878. 

Metals and their chief industrial applications; being with some considerable 
additions the substance of a course of lectures delivered at the Royal Institution 
of Great Britain in 1877, by Charles R. Alder Wright, D. Sc., ete. 191 pp. 12mo. 
London, 1878. (Macmillan & Co.) 

The Ancient Life-history of the Earth; a comprehensive outline of the princi- 
ples and leading facts of palzontological science, by H. Alleyne Nicholson, M.D., 
Ph.D., ete. 407 pp. 8vo. New York, 1878. (D. Appleton & Co.) 


OBITUARY. 


Rev. W. B. CiarKke, a geologist of eminence in Australia, as 
well as a clergyman of the Church of England, died on the 16th 
of June last at St. Leonards (near Sydney), New South Wales, 
at the age of eighty-five. Mr. Clarke was an enthusiastic worker 
in geology. His labors in Australia were continued for more 
than forty years, and resulted in many important discoveries and 
great progress to Australian geology. The first announcement 
of gold in Australia was claimed by Mr. Clarke; and from that 
time, in 1851, Australia began its career as a gold-producing 
continent. Mr. Clarke was an active member of the Royal 
Academy of New South Wales, and for several years its Vice-Presi- 
dent. His scientific publications are papers read before the Geo- 
logical Society of London; anniversary addresses as Vice-Presi- 
dent of the Royal Society ; and various pamphlets on geological 
discoveries in Australia and Australasia, with one on the Causes 
and Phenomena of Earthquakes especially in relation to shocks 
felt in New South Wales and in other Australasian Provinces. 
He was a man of great excellence and of earnestness in his parish 
work as well as in his field explorations. 


